T h e d isc o v e ry o f th e p ro n o u n c e d a n ti-ric k e tts ia l a c tiv ity o f p -su lp h o n a m id o b e n z a m id in e on e x p e rim e n ta l ty p h u s in fe c tio n s in m ice h a s led to a se a rc h for c o m p o u n d s o f e n h a n c e d t h e r a p e u tic a c tio n . A la rg e n u m b e r o f c o m p o u n d s h a v e b e en p re p a re d in d e v e lo p m e n t o f th e s u lp h o n a m id o -a m id in e s tr u c tu r e , b u t a n ti-ric k e tts ia l a c tiv ity h a s b e en fo u n d to be c onfined to a b o u t a d o z en s u b s ta n c e s in tim a te ly r e la te d to p -su lp h o n a m id o b e n z a m id in e , o n ly one, n a m e ly , p -su lp h o n a m id o b e n z a m id o x im e , h a v in g a v e ry slig h tly su p e rio r th e r a p e u tic a c tio n .
When this investigation was begun no substances were known with a chemothera peutic action on experimental typhus infections. Andrewes, King & van den Ende (1943) had made a determined attem pt to develop a chemotherapy of the virus diseases, influenza and vaccinia, but without success, and on reviewing the situation it was thought th at an attack on experimental typhus might be more profitable, since the rickettsiae responsible for this disease, although intracellular parasites like the viruses, are considered by many to stand between the viruses and bacteria. Many of the compounds tried on virus diseases were tested on an experimental murine typhus infection in mice without revealing any noticeable therapeutic activity. A request was then made, in view of the urgency of this problem, to the Therapeutic Research Corporation of Great Britain and to Imperial Chemical Pharmaceuticals Ltd. for a list of compounds available for trial against small intra cellular parasites, and from this list a selection was made by us of compounds which we deemed worthy of test on rickettsial infections. Among the substances chosen there was one, p-sulphonamidobenzamidine hydrochloride (I), described by Boots Pure Drug Co., Levene & Pyman (1942) and later by Delaby & Harispe (1943) , which had an unmistakable therapeutic action on experimental typhus infections in mice. The biological aspects of the investigation have been described recently by Andrewes, King, van den Ende & Walker (1944) , and the present account is limited to certain chemical aspects. p-Sulphonamidobenzamidine hydrochloride (I) is a simple substance reminiscent of sulphanilamide. It was confidently hoped that it would, like sulphanilamide, lend itself to development in numerous ways with production of substances showing enhanced activity. The contrary, in fact, has proved to be the case. Anti-rickettsial activity is confined to a few compounds of closely related structure, of which p -sulphonamidobenzamidoxime hydrochloride (II) is the most important. This substance as base or hydrochloride proved, if anything, to be a little more active than the corresponding amidine (I). When substituents were introduced into the sulphonamide radicle common to these two substances, there was complete suppres sion of all activity with the exception of phydro chloride (III) and p-sulphonhydroxylamidobenzamidoxime (IV).
Experimental chemotherapy of typhus
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In both of these the activity was reduced. Introduction of higher alkyl groups such as butyl, of dialkyl groups such as dimethyl, diethyl and di-/?-hydroxyethyl, led to suppression of activity. The same was observed on introduction of the phenyl, p-sulphonamidophenyl and p-sulphondimethylamidophenyl groups. In the sul phanilamide series the incorporation of heterocyclic nuclei into the sulphonamide group has led to the important drugs, sulphapyridine, sulphathiazole, sulphamethylthiazole and sulphadimethylpyrimidine, but the incorporation of similar hetero cyclic nuclei into the sulphonamide group of the amidine (I) or the amidoxime (II), where experimentally realized, has led to suppression of anti-rickettsial action in the tolerable doses. The mefa-isomeride of (I), hydro chloride, also proved to be inactive.
Substitution in the amidine group of p-sulphonamidobenzamidine (I) also had a dystherapeutic effect. Thus psulphonam idobenhydrochloride (V, RR2R3 = H; = Me; X = Cl) and arnidine hydrochloride (V, RR2 = H; RX R3 = Me; X = Cl), both of which arose by the action of methylamine on p-sulphonamidobenziminoethyl ether hydrochloride, were inactive. By the action of ammonia, methylamine or dimethylamine on the iminochloride from p-sulphondimethylamidobenzmethylamide, the three amidines p
a m i d o b e n z -X -m e t h y l a m i d i n e picrate (V, -NN'
-dimethylamidinehydrochloride (V, R2 = H; RRX RZ = Me; = Cl) and -NNN'-trimethylamidine picrate (V, RR1R2R3 = Me; X = -C6H 20 7N3) were obtained. The second of these was inactive and the others were not examined further in view of the dystherapeutic effect of the sulphondimethylamide group in the series with an unsubstituted amidine group.
In p-sulphonamidobenzamidrazone hydrochloride (VI) no anti-rickettsial activity was found and none in 2 -p -s u l p h o n a m i d o p h e n y l -: 6 (VII) pre pared by tne action of p-sulphonamidobenzamidine base on acetylacetone. When, however, p-sulphonamidobenzamidoxime was converted into p ureideoxime by the action of cyanic acid, considerable anti-rickettsial activity was retained..
Since activity was exhibited by p-sulphonhydroxylamidobenzamidoxime (IV) it was cogent to develop this type of structure. This substance had arisen unexpectedly during an attem pt to prepare p -c y a n o b e n z e n e s u l p h (VIII) by the action of p-cyanobenzenesulphonyl chloride on excess of hydroxylamine, addition of hydroxylamine taking place at the nitrile group simultaneously with the reaction at the sulphonyl group. By limiting the amount of hydroxylamine to one molecular proportion, p-cyanobenzenesulphonhydroxylamide was obtained together with NN-di-p-cyanobenzenesulphonhydroxylamide (IX), the constitution of which was confirmed by its synthesis by the action of nitrous acid on p acid (X).
the reagents used in the present examples are somewhat unusual. p-Sulphinobenzamidine (XI) was obtained alternatively by the direct route from p-cyanobenzenesulphinic acid (X), and in a similar way a high-melting, sparingly soluble, weakly basic substance, was obtained from potassium p-cyanobenzenesulphonate.
Although p-sulphonhydroxylamidobenzamidine has not been prepared, its 0 -methyl, 0 -e t h y l ,0 -p r o p y land O -butylethers have been, as w sponding series of sulphon-O-alkylhydroxylamidobenzamidoxim They w therapeutically inactive. When, however, O-alkylation was effected in the amidoxime group of (II) with an unsubstituted sulphonamide group in the para-position, some activity was observed. For the preparation of these substances direct O-alkylation of benzamidoxime-p-sulphonamide (II) was not successful. They were accessible, nevertheless, by the action of excess of the O-alkylhydroxylamines on p-sulphonamidobenziminoethyl ether hydrochloride in alcoholic solution. In this way p- sulphonamidobenzamidoxime-0-methyl, -O-ethyl, -O-propyl and -O-butyl ethers were obtained in some cases as the bases and in all cases as the hydrochlorides (XII). During the preparation of the three lower homologues, it was possible to isolate from the reaction mixture the dialkoxybenzamidine-(XIII), a group of weakly basic substances hitherto apparently only represented by the parent substance dihydroxybenzamidine (Ley 1898) and its monobenzyl ether (Ley & Ulrich 1914) . The methyl and ethyl ethers of type (XII) and the dimethyl, diethyl and dipropyl ethers of type (XIII) showed some anti-rickettsial activity, but quantitatively less than th at of the parent amidoxime.
Experimental chemothera of typhus
The influence of homologation on the amidine (I) and the amidoxime (II) is capable of experimental development in various ways. When a methyl group was introduced into the orf/m-position to the sulphonamide group with formation of k-sulphonamido-3-methylbenzamidine hydrochloride, the activity was just detectable, but the corresponding 4-sulphonamido-3-methylbenzamido hydrochl slightly more active. The preparation of the isomeric 4-sulphonamido-2-metliylbenzamidine was not successful since 2-cyano-5-sulphonamidotoluene, like many oriAo-substituted cyanobenzenes, failed to undergo imino-ether formation under the usual conditions. This nitrile was prepared by the Sandmeyer reaction on 2-amino-5-sulphonamidotoluene which itself was obtained through the action of chlorosulphonic acid on aceto-o-toluidide. The Russian authors Goldyrev & Postovskii (1938) assumed th at the sulphonic acid group entered the para-position to the methyl group during this reaction, but the alternative position para to the acetamido group seems preferable.
In two other homologues, ]) -o ) -s u l p h o n o / r n t n h y d r o c h l
p -sulphoruimidophenylacetcLmidine hydrochloride (XV), the sulphonamide and amidine groups respectively are separated from the nucleus by methylene groups. This change was accompanied by a loss of anti-rickettsial activity. The effect of replacing an amidine group by a guanidine group was next explored, since King, Lourie & Yorke (1937 , 1938 had shown that in a series of long-chain 0)0)'-diguanidines activity against trypanosomes was retained when the guanidine groups were replaced by amidine or isothiourea groupings, p guanidine hydrochloride (XVI) was obtained by the action of cyanamide on sulphanilamide hydrochloride, but the product proved to be devoid of activity. Sulphaguanidine is a useful drug in the sulphanilamide series; its counterpart in the present series pguanylbenzenesulphonylguanidinehydrochloride (XVII) was prepared through p-cyanobenzenesulphonyl-S-methylisothiourea obtained by the action o p-cyanobenzenesulphonyl chloride on $-methyKsothiourea; it was also found to be inactive. This observation again confirms the dystherapeutic effect of substituents in the sulphonamide group. The direct action of p-cyanobenzenesulphonyl chloride on guanidine base under the conditions which yield acetyl sulphaguanidine (Bratton, Marshall, White & Litchfield 1940) gave (CN. C6H 4.S 0 2NH)2C :NH, an acidic substance which formed sparingly soluble sodium and potassium salts. The results so far recorded show convincingly that the anti-rickettsial activity of the parent sulphonamidobenz-amidine and -amidoxime is a highly specific property which is reduced by quite minor alteration of these structures and is lost by further modification. I t was, however, possible that activity might be possessed by struc tures showing wider departure from the present types. An aliphatic analogue of sulphonamidobenzamidine, namely £-sulphhydrochlo S0 2N H 2.(CH2)6.C (:N H )N H 2, HC1, was prepared without difficulty, but when an attem pt was made to prepare a still simpler amidine from y-cyanopropanesulphonamide, the novel product was anhydro-y-sulphobutyrami (XVIII N4-Dimethylsulphanilamide(XIX) and phydro chloride (XX) show a formal resemblance to p-sulphonamidobenzamidine hydro chloride (I). From the former the more soluble methochloride was prepared, and for comparison with this its homologue chloride. All of these substances proved inactive on experimental typhus; p-methylsulphonylbenzamidine hydrochloride (XX) has, however, been found to be a valuable curative agent against experimental gas-gangrene infections (Evans, Fuller & Walker 1944) .
A large number of amidines and amidoximes devoid of sulphonamide groups and of activity have been prepared and tested in a similar manner; those which are new are described in the experimental portion of this communication and a complete list of all the substances tested on experimental typhus will be recorded elsewhere.
D i s c u s s i o n
The following table gives a list of the active compounds discovered in this in vestigation, together with their relative activities. The tests were carried out by intranasal inoculation of mice with a 1 : 106 dilution of a stock rickettsial suspension 2 hr. after the first injection of the drug. Further injections were given on the morning and afternoon of the second and third days and on the morning of the fourth day. The mice were autopsied 1 week after infection, the complete suppression of lesions in the lungs in each of six mice being taken as the end point. 24  4  2 4  2  16  4  16  8  16  4  16  > 8  16  8  8  4  8  4  8  > 8  16  8  8  2  8 > 4 A = M a x i m u m t o l e r a t e d d o s e fo r 15 g . m o u s e ( i n t r a p e r i t o n e a l i n je c ti o n ) . B = M in im a l e f fe c tiv e ( w h o lly s u p p r e s s iv e ) d o s e g iv e n tw ic e d a il y . S p a r i n g ly s o lu b le b a s e s w e re g iv e n s u s p e n d e d in 5 % g u m -a c a c i a in s a lin e .
I t will be apparent from this table and the preceding account th at no substances were found with greater activity than the two simple unsubstituted parent sub stances, and that activity is reduced or disappears with the slightest modification of these structures. The question now arises whether a study of the structures of the active and inactive substances described in this communication affords any clue as to their mode of action. Before this can be discussed it is necessary to emphasize the difficult type of biological system with which we are dealing.
The simplest systems of host and parasite capable of chemotherapeutic study are those of bacterial and protozoal infections in general, where the infecting organism leads an extracellular parasitic existence within the host. Of still greater com plexity are plasmodial infections in birds where there is a cellular (tissue) phase as well as a blood phase, and most difficult of all from the chemotherapeutic point of view are virus and rickettsial infections where there is an intracellular infection and where the metabolism of the parasite is probably intimately related to th at of the host cells. Most of the drugs which have been developed for the treatm ent of blood infections with protozoa or bacteria act directly on the invading infective agent. In the case of rickettsial (and virus) infections the possibility is ever present that the drug may either act directly on the parasite or on some constituent of the invaded host cell upon which the rickettsiae depend for their nutrition; this material may be the special metabolites elaborated by the cell or the enzymic structures concerned in their production. In viruses, certainly, nucleic acids are major functional con stituents, and the work of Schoenheimer and his colleagues (Barnes & Schoenheimer 1943; Plentl & Schoenheimer 1944) has shown th at the nitrogen of purines and pyrimidines, the fundamental building blocks of nucleic acids, is derived in the cell from ammonia and not from large nitrogenous molecules, although the concession is made th a t pyrimidines may be built up partially in the cell from larger units than ammonia. In the case of the rickettsiae, it is also very probable th at the nucleic acids are essential, and it may be th at the necessity for an intracellular habitat for both viruses and rickettsiae is due to their dependence upon the nucleic acid-synthesizing abilities of the cell.
The advent of sulphanilamide has been a landmark in chemotherapeutic theory and practice. Woods (1940) discovered that the action of sulphanilamide on bacteria was inhibited by p-aminobenzoic acid, and the further disclosure th at this acid was an essential metabolite for bacteria has led to the view that, owing to the pictorial resemblance of sulphanilamide and p-aminobenzoic acid, there is a competitive inhibition of p-aminobenzoic acid by sulphanilamide in the bacterial cell leading to bacteriostasis and finally to death. Another sulphonamide drug introduced by Domagk (1942) for the treatm ent of anaerobic infections is marfanil orp-sulphonamidobenzylamine, N H 2CH2. C6H4.S 0 2NH2; this is not antagonized by p-aminobenzoic acid. To account for the bacteriostatic effect of this drug, Schreus (1942) has suggested the existence of a natural growth factor, p-aminomethylbenzoic acid, N H 2CH2. C6H 4. C 02H, with which the drug enters into competitive inhibition. Evans, Fuller & Walker (1944) have discovered thatp-methylsulphonylbenzamidine, N H 2(HN:)C. C6H 4. S 0 2CH3, and p-methylsulphonylbenzylamine, C. H. Andrewes, H. King and J. Walker NH 2CH2.C6H 4.S 0 2CH3, are also very effective therapeutic agents against gas-gangrene organisms, and in the present communication it has been shown th at p-sulphonamidobenzamidine, NH 2(HN:)C. C6H 4.S 0 2N H 2, andp-sulplionamidobenzamidoxime, N H 2(HON:)C. C6H 4. S 0 2N H 2, are effective against rickettsiae in vivo. Clearly, to postulate special growth factors, with which each of these types can enter into competiti ve inhibition, as Schreus has done for marfanil, is untenable, and some other mechanism for their mode of action must be sought.
All the above substances are of comparatively simple molecular build and all contain the sulphonyl group linked to carbon, > C . S 0 2-. W ith the sole exception of dimethylsulphone, Me2S 0 2, found by Ruzicka, Goldberg & Meister (1940) in dried ox blood and by Pfiffner & North (1940) in ox adrenals, this group is foreign to the animal body. Mann & Keilin (1940) found th at the enzyme carbonic anhydrase, a protein, containing zinc in its prosthetic group, is specifically inhibited at high dilutions by the unsubstituted sulphonamide group in benzenesulphonamide, C6H 5.S 0 2N H 2. In this sulphonamide and in other nuclear substituted sulphonamides, as, for example, sulphanilamide, the sulphonamide group has the specific power of adding on to some unknown structure in the enzyme and thus affecting its activity. I t is excluded th at carbonic anhydrase is the enzyme inhibited by all the above-mentioned sulphonyl-containing drugs, but it is conceivable and possible that different enzymes might be inhibited by each of these drug types with a special mechanism for the sulphanilamide group.
There is, however, another alternative which needs brief discussion. Is it not possible th at all these sulphonyl drugs of relatively small molecular size gain entrance into the parasitic organism and during reproduction, when active synthesis is going on, become built up into structures through combination with the non-sulphonyl portion of the molecule and thus produce a vital structure which can no longer function normally owing to the foreign nature of the sulphonyl group ? Such a view, in our opinion, would not be inconsistent with the competitive inhibition between sulphanilamide and p-aminobenzoic acid, since the p-aminobenzoic acid may nor mally be utilized synthetically through its amino-group. The building up of sulphanil amide through its amino-group into a complex by a competitive process would naturally disrupt the normal functioning of the vital structure; the experiments which have been described in the literature on the reversibility of the inhibition are not inconsistent with this view. In this connexion, it is significant th at a free aminogroup is essential in all drugs derived from sulphanilamide for activity, and it is difficult to believe that this is merely used for salt formation. Blanchard (1941) has, indeed, found th at in yeast part of the p-aminobenzoic acid is bound, with the masking of the amino-group. The notion th at p-aminobenzoic acid is built up into a larger complex as part of its normal function is not new. Poth & Knotts (1942) took the view that p-aminobenzoic acid may combine with a hypothetical substance X to form a metabolic enzyme necessary for bacterial metabolism, whilst Mietzsch (1942) suggested th at p-aminobenzoic acid is built up into a polypeptide. If the latter involves the carboxyl group as well, it would explain the inability of the sulphonamide group to continue the polypeptide structural sequence. On this view ^-sulphonamidobenzamidine or p-sulphonamidobenzamidoxime might be built up into some essential vital structure through the amidine or amidoxime group. The elements of either of these groups, namely, N-C-N, enter twice into every purine and once into every pyrimidine, essential constituents of all nucleic acids. Although Schoenheimer's work suggests th at the purines and pyrimidines are built up in the cell from ammonia, it does not preclude the use of small molecular substances which have gained entry into the cell from being incorporated into such structures during the periods of intense synthesis. In this connexion it is significant th at the rickettsiae are not harmed by these drugs in vitro, but only when they are undergoing repro duction in vivo when nucleic acid synthesis must be active. Whether this synthesis is taking place inside the rickettsia, which is larger than the majority of viruses, or outside the rickettsia but inside the cell of its host, is difficult to determine, but in view of Schoenheimer's work, the former view is preferable.
Although purine and pyrimidine formation has been used to picture the way in which the amidine and amidoxime groups could be utilized in complex building, it should not be overlooked th at these groups are respectively imino-and hydroxyimino-amide groups, and in cells might undergo conversion into the amide for structure building. ^3-Sulphonamidobenzamide was tested in this connexion but proved inactive. There is, therefore, a specific quality in the amidine group which is not its strongly basic nature, since the amidoxime is equally active, but less basic, and the dialkoxyamidines are also active, but very weakly basic. None of the active substances recorded in the table have structures incompatible with cellular in corporation into pyrimidines and purines during the reproductive phase with its accompanying intense nucleic acid synthesis.
Finally, the active substances recorded in this communication have been dis covered by essentially a process of trial and error. The hypothesis of competitive inhibition has not been applied, and as a means of finding new chemotherapeutic agents may only be of value where the essential growth factors for the organism whose activities it is desired to curb are already known. In this connexion it is interesting to note that McKinstry & Reading (1944) in attempting the development of a rational approach to the chemotherapy of virus diseases have examined the effect of a large number of synthetic pyrimidines on the course of experimental murine poliomyelitis in the hope th at compounds of this type might compete with the normal virus pyrimidine components for the synthetically active enzyme systems involved; unfortunately, they attained no clear-cut success.
When the work described in this communication was practically complete three other communications appeared in which accounts are given of other drugs with some action on experimental or clinical typhus. Moragues, Pinkerton & Greiff (1944) found th at penicillin given in large doses reduced the mortality in experi mental murine typhus, whilst Peterson (1944) demonstrated th at 'forbisen' and toluidine blue possess therapeutic activity against the Wilmington strain of murine typhus. Yeomans, Snyder, Murray, Zarafonetis & Ecke (1944) have, quite recently, claimed th at p-aminobenzoic acid has a favourable action in typhus in man, a clinical investigation based on some unpublished experiments with typhus in mice by Snyder, Maier & Anderson (1942) .
The two most active drugs in our series were tested clinically on typhus infection in man, but did not give encouraging results (compare Andrewes, King, van den Ende & Walker 1944) . A full report of the clinical trials will be published later. E x p e r i m e n t a l
Amidines not containing sulphur
:
4-Piperonylamidinehydrochloride. Piperonylic acid (8*3 g.) was heated with phosphorus pentachloride (10-4 g.) for 1 hr. on the boiling water-bath. On removing the oxychloride, the residue, in benzene, was added portionwise with shaking to ammonia solution (50c.c., (ZO-88) at 0-5°. The amide (7-35g.) was collected and crystallized from absolute alcohol (75c.c.), yield 6-2 g., m.p. 167°. This was treated with phosphorus pentachloride (7-6 g.) and heated on the boiling water-bath for 15 min. The oxychloride was pumped off and the crystalline residue of piperonylonitrile crystallized from 25 % aqueous alcohol (525 c.c.), yield 5-3 g., m.p. 94°.
A mixture of this nitrile (3-67 g.) with absolute alcohol (2-9 g.) and benzene (5 c.c.) was saturated with dry hydrogen chloride at 0° and kept at 0° for a few days. The solvent was removed at room temperature under diminished pressure, and the residual solid added to saturated alcoholic ammonia solution (150 c.c.) and kept at 37° for 3 days. The clear solution was evaporated to dryness, a crop of ammonium chloride being removed at an intermediate stage. The final residue was mixed with a little water, unchanged piperonylonitrile (0-5 g.) being removed by ether, and, on concentration of the aqueous solution to a small volume, 3 : 4 hydrochloride separated as a white chalky crystalline mass composed of minute needles, yield 2-09 g. It was crystallized from an equal weight of water and had m.p. [240] [241] H, [4] [5] N, HCl requires C, H, [4] [5] N, p-Bromobenzamidine hydrochloride. p-Bromobenzonitrile (9-05 g.), purified by sublimation, was suspended in absolute alcohol (5-8g.) and benzene (5 c.c.) and the solution saturated with hydrogen chloride at 0°. The process of amidine formation was then carried on as described above. The alcoholic ammonia solution was evaporated to dryness, the residue taken up in water and unchanged nitrile (2T g.) removed by ether. The aqueous solution on concentration gave hydrochloride (8-3 g.). It was crystallized from 3-5 parts of boiling water and sepa rated in long flat plates (8-07g.), m.p. [264] [265] H, [4] [5] [6] N, H 20, 131. C7H 7N 2Br, HC1, 2H20 requires C, H, [4] [5] N, H 20 , p-Carbamylbenzamidine hydrochloride. p-Aminobenzamide (9T g.) was submitted to the Sandmeyer reaction, using cuprous cyanide at 80°, and gave a crude mixture ol p-chlorobenzamide and p-cyanobenzamide which on crystallization from water (200 c.c.) gave p-cyanobenzamide (4*0g.). The solid was recovered from the a mother liquor, and on fractional sublimation at 160° and 15 mm. gave p-chlorobenzamide (l*15g. confirmed by mixed m.p.), and at 200-220° and 15 mm. gave p-cyanobenzamide (1-35 g.).
p-Cyanobenzamide crystallizes from 40 parts of boiling water in needles, m.p. 222°. (Found: N, 19*1. C8H 6ON2 requires N, 19'2 %). Pfannl & Dafert (1912) , by heating terephthalic acid diureide to 360° at 20 mm., obtained a substance to which they gave this composition and described it as crystals but did not record a m.p. The constitution of their product is queried in Beilstein's Handbuch (1932) .
The nitrile (3-65g.) suspended in absolute alcohol (2-5 mol.) was converted into the amidine in the usual way. After completely removing the ammoniacal solvent, the residue was fractionally crystallized from water, when nitrile (1-9 g.) was recovered unchanged and p -ca rb a m ylb en za m id in eh yd ro ch lo rid e (1-49 g.) obtained as the more soluble component. This amidine hydrochloride crystallizes in prismatic needles,m.p. [302] [303] H, N, H2O, 90 N 3,HC1,H20 requires C, 44T; H, 5-6; N, 19-3; H 20, 8-3 %.) A repetition of this preparation confirmed the difficulty of imino-ether forma tion.
3-Amino-4:-hydroxybenzamidine dihydrochloride. p-Cyanophenol (9-0 g.) in glacial acetic acid (27 c.c.) was run into a stirred mixture of nitric acid (9-0 g., d 1-42) and glacial acetic acid (9-0g.) kept at 50° (compare Cousin & Volmar 1914) . Reaction did not usually take place immediately, but when it was over the solution was poured into water and the solid which separated (10-8 g.), m.p. 143°, collected. It was crystallized from 9 vol. of absolute alcohol, yield 10-4 g., m.p. 144°. Borsche (1917) gives m.p. 144-145° for o-nitro-p-cyanophenol.
O-Nitro-p-cyanophenol (13*2g.) in spirit (85 c.c.) was treated with a solution of hydrated stannous chloride (80g.) in aqueous hydrochloric acid (160 c.c., 16 %) and heated on the water-bath for 5 hr. The clear solution was diluted with water, the tin removed as sulphide and the filtrate evaporated to dryness. The residual solid (yield 7-2 g.) was crystallized from absolute alcohol. hydrochloride crystallizes in tiny plates from alcohol and has no definite m.p. (Found: C, 49-0 ; H, 4-1; N, 16*3. C7H 6ON2, HC1 requires C, 49-3; H, 4-1; N, 16-4%.) A sample of base was recovered from the hydrochloride; it had a m.p. in agreement with th at recorded in the literature.
The aminocyanophenol hydrochloride (4-2 g.) was suspended in a mixture of equal parts (each 10 c.c.) of absolute ethyl alcohol and dioxan, and amidine forma tion carried through as usual. The ammoniacal alcohol solution was evaporated to dryness and the residue treated with 3N-hydrochloric acid until the solution was acid to litmus. On concentration under reduced pressure dihydrochloride (2-84 g.) separated. I t was crystallized from N/10-hydrochloric acid (4 c.c.) and separated in columns, m.p. 292° (efferv.). (Found: C, 32-6; H, 6-1; H 20 , 14-3. C7H 9ON3, 2HC1, 2H20 requires C, 32-3; H, 5-8; H 20 , 13-9 %.)
Nicotinamidinehydrochloride. Nicotinonitrile (3g.) (McElvain & Goese 1941) was converted to nicotinimino ether hydrochloride (Karrer, Schwartzenbach, Benz & Solmssen 1936) which was then set aside with 8 % alcoholic ammonia for 5 days at room temperature. Alcohol and excess ammonia were distilled off, and the white solid residue digested with hot alcohol (80c.c.) and filtered hot from ammonium chloride. The filtrate was concentrated (to about 30 c.c.) and again filtered hot from traces of ammonium chloride. On cooling, a copious separation of sheaves of lance shaped crystals took place (l-9g.), m.p. 189-190°. (Found: C, 46-1; H, 5-2; N, 26-4. Calc, for C6H 7N3, HC1: C, 45-7; H, 51; N, 26-7 %.) Barber & Slack (1944) have also recently described this substance, prepared by a slightly different method. The properties recorded are in agreement with the above.
Amidoximes not containing sulphur
:
4-Piperonylamidoximehydrochloride. Hydroxylamine hydrochloride (3-5 g.) was dissolved in water (20 c.c.), anhydrous sodium carbonate (2-5g.) added and finally piperonylonitrile (7-35 g.) with ethyl alcohol (30 c.c.). The solution was boiled under reflux for 24 hr. and the alcohol distilled off. Treatment of the semi-solid aqueous residue with a large volume of ether removed unchanged nitrile (0*8 g.) and a small quantity of amidoxime base 'which was recovered by extraction of the ether with a little 2n-hydrochloric acid. The base was recovered from this by addition of sodium bicarbonate and mixed with the main crop present in the semi-solid aqueous residue (above). The total base w~as collected (6-4g.) and crystallized twice from absolute ethyl alcohol, yield 4-9 g., m.p. 164-165°. 3:4 is soluble in 7-5 vol. of boiling absolute alcohol and crystallizes therefrom in bundles of plates. (Found: C, 53-6; H, 4-4; C8H 80 3N2 requires C, 53-3; H, 4-4 %.) For the preparation of the hydrochloride, the base (1-8 g.) was dissolved in 2n-hydrochloric acid (5c.c.), and on keeping the hydrochloride separated in prisms, m.p. [204] [205] H, N, HC1 requires C, H, N, p-Chlorobenzamidoxime hydrochloride. p-Chlorobenzonitrile (6-85g.) and equi valent proportions of anhydrous sodium carbonate and hydroxylamine hydro chloride were mixed in water (10 c.c.) and alcohol (30 c.c.) and boiled for 20 hr. The alcohol was removed and the residue made alkaline with sodium bicarbonate and thoroughly extracted with ether. The ethereal solution was freed from amidoxime by extraction, with 16 % hydrochloric acid and on evaporation left unchanged nitrile (0-6 g.). The amidoxime base was again liberated from the acid solution and crystallized from its own weight of absolute alcohol, as clusters of tablets, yield 4-55g., m.p. 134-135°. (Found: C, 49-6; H, 4-3. C7H 70 N 2C1 requires C, 49-3; H, 4-1 %.)
The hydrochloride separated from an acidified solution of the base in large hexa gonal plates, m.p. 185° (efferv.). (Found: C, 37-6; H, 4-5. C7H 70 N 2C1, HC1, H 20 requires C, 37-3; H, 4-5 %.) A sparingly soluble by-product was found to bep-chlorobenzamide, m.p. 176-177°. (Found: C, 54-2; H, 3-8. Calc, for C7H 60NC1: C, 54-0; H, 3-9 %.) p-Bromobenzamidoximehydrochloride. p-Bromobenzonitrile, freshly sublimed (9-1 g.), was boiled with hydroxylamine (1 mol.) in aqueous alcohol for 20 hr. On removal of the alcohol, the solution, with an oily layer, was extracted with ether, leaving a crystalline hydrochloride (0-47 g.) undissolved, and having m.p. 263°, unchanged on recrystallization. It gave a base, m.p. 178°, but attempts to identify it were unsuccessful. The main ethereal solution after extraction with 16 % hydro chloric acid gave on evaporation a mixture of p-bromobenzonitrile (0-7 g.) and P-bromobenzamide (0*7 g.) separated by subliming-out the former. The hydro chloric acid extract readily gave pbromo hyd which crystallized in large tablets, and a small quantity of p-bromobenzamide (0-4 g.). The amidoxime hydrochloride on recrystallization had m.p. 202° (efferv.). . The clear solution was cooled to 0° giving a thick sludge of the hydrochloride, into which was stirred, slowly, an aqueous solution (200 c.c.) of sodium nitrite (69 g.) until an immediate positive starch-iodide reaction was obtained. The diazo-suspension was added moderately rapidly to a solution of technical hydrated nickel chloride (237 g.) and technical sodium cyanide (245 g.) in water (1650 c.c.) heated and stirred vigorously in a boiling water-bath, when a brisk effervescence occurred which controlled the rate of the addition of the diazonium salt. Heating and stirring were continued for 10 min. after the nitrogen effervescence ceased and the mixture was then cooled below room temperature. The crude product was collected, washed with water, drained thoroughly and then extracted with acetone. The filtered acetone extract was evaporated and the crude reddish brown crystalline residue crystallized from water (norit), affording long needles of the nitrile (123 g., 67-68% yield), m.p. 165-166°.
Miller, Sprague, Kissinger & McBurney (1940) have used cuprous cyanide in this preparation, but we have found it inferior to the nickel salt, the product by the copper method being very difficult to purify.
p-Sulphonamidobenzamidine hydrochloride (I). p-Cyanobenzenesulphonamide (14-85g.) was added to absolute alcohol (45 c.c.) and the solution saturated at 0° with dry hydrogen chloride. The reaction mixture was kept at 0° for a week, the alcohol removed at room temperature and the crystalline imino-ether hydrochloride added to saturated alcoholic ammonia (200 c.c.) and kept for a week at 37°. The solid was collected and the filtrate evaporated to dryness. On treatm ent of the combined solids with a little water to remove ammonium chloride, crude p-sulphonamidobenzamidine hydrochloride was left (yield 14-8 g.), and on concentration of the aqueous ammonium chloride mother liquor further amidine hydrochloride (1*7 g.) was obtained with unchanged parent nitrile (0-15g.). phydrochloride hemihydrate is readily soluble in less than its own volume of boil water and separates in tablets, m.p. [250] [251] H, [4] [5] [6] [7] N, H 20, [3] [4] [5] [6] [7] [8] [9] . C7H 90 2N3S, HC1, |H 20 requires C, 34-3; H, 4-5; N, 17*2; H 20, 3-7 %.) Delaby & Harispe (1943) describe the salt as anhydrous with m.p. 242°. When the hydrochloride in water was treated with the calculated amount of N-sodium hydro xide, the base separated in plates, m.p. 228° (efferv.). (Found: C, 42-2; H, 4-7. Calc, for C7H 90 2N3S: C, 42-2; H, 4-6 %.) On attempting to recrystallize this base from water, it was converted into the diamide. On precipitating the base with ammonia, Delaby & Harispe describe the base as transparent lamellae, m.p. 251°, but repetition of their mode of preparation confirmed the m.p. 228° given above.
In some preparations of this amidine from the nitrile, the free base separated as such from the alcoholic ammonia solution.
m-Sulphonamidobenzamidine hydrochloride. m-Cyanobenzenesulphonamide (7-28g.) suspended in alcohol (6-0 c.c.) and dioxan (lOc.c.) was converted into the amidine in the usual way. The ammoniacal solution was filtered from ammonium chloride which had separated and, on partial concentration, gave m benzamidine hydrochloride (4-65 g.) which, crystallized from water (3-5 c.c.), gave the pure salt in plates, m.p. 248-249°. (Found: C, 35-7; H, 4 T ; N, 17-8. C7H 90 2N3S, HC1 requires C, 35-7; H, 4-3; N, 17-8 %.) A further quantity of this salt was obtained from the mother liquors with a small crop of unchanged m-cyanobenzenesulphonamide (0-5 g.).
p-(i)-Sulphonamidotolamidine hydrochloride (XIV). The nitrile required for the preparation of this amidine was obtained as follows. p-Cyanobenzyl bromide (19-6g.) (Case 1925) and sodium sulphite heptahydrate (25-2g.) were refluxed with water (50c.c.) for half an hour, when the nitrile rapidly dissolved. On cooling, sodium p-cyanotoluene-io-sulphonate (22-5 g.) separated as a microcrystalline solid, m.p. about 309°. (Found: on solid dried at 110° in vacuo, ~N, 6*7; S, 14-2. C8H 60 3NSNa requires N, 6-4; S, 14-6%.) This sodium salt (21-5g.) was mixed intimately with finely powdered phosphorus pentachloride (20-7 g.) and moistened with a few' drops of phosphorus oxychloride. After 3 hr. at 75-80° on the water-bath, the mixture was added to ice-water, when an oil separated which eventually solidified. It was collected, washed with water and then shaken with 16 % aqueous ammonia solution (160c.c.). The required p-cyanotoluenesulphonamide (11-1 g.) was collected after 12 h r.; it separated from 50 % alcohol in microscopic short laths, m.p. 216°. (Found: C, 48-6; H, 4-4; X, 14-1. Calc, for C8H 80 2N2S: C, 49-0; H, 41; N, 14-3%.) Miller et al. (1940) record m.p. 216-217° for this substance prepared by an alternative method.
4 oi the preparation of the tolamidine, a suspension of the preceding nitrile (o-75g.) in dioxan (20c.c.) and absolute ethyl alcohol (12c.c.) was saturated at 0° with hydrogen chloride and the process completed as usual. The clear ammoniacal solution was evaporated to dryness. The residue was extracted with cold water (40c.c.) when unchanged nitrile (1-97 g.) remained undissolved. The filtrate was evaporated to dryness, and the residual solid (4-5 g.) was crystallized from equal parts of methyl alcohol and ethyl acetate. hydro chloride separated in clusters of fine colourless rods, m.p. 253-254°. (Found: C, 38-5; H, 5-1; N, 16-5. C8H n 0 2N3S, HC1 requires C, 38-5; H, 4-8; N, 16-8 %.) pSulphonamidophenylacetamidinehydrochloride (XV). Into p-toluenesulphonyl chloride (57 g.), heated and stirred under reflux in an oil bath at 170°, bromine (18 c.c.) was dropped at such a rate that it did not accumulate in the reaction mixture. Hydrogen bromide was copiously evolved. At the end of the reaction the product was fractionally distilled giving (i) unchanged p-toluenesulphonyl chloride (18*2 g.), b.p. 150° at 18 mm., and ( The p-sulphonamidophenylacetonitrile required for amidine formation was obtained in poor yield from either the preceding p-w-bromo or from ochlorotoluenesulphonyl chloride. In a typical experiment, p-o-chlorotoluenesulphonyl chloride (8*1 g.) (Friedlander 1913) in acetone solution (25c.c.) was mixed and shaken with 2isr-aqueous ammonia (40 c.c.). Heat was evolved and a crystalline solid separated. The solid was collected at the end of an hour and at once treated with sodium cyanide (2 g.) in boiling 50 % aqueous alcohol (40 c.c.) for 3 hr. After acidi fication to Congo paper, the mixture was left overnight at room temperature, then decanted from gum which had separated, and evaporated to small bulk under reduced pressure until crystals separated. Two crystallizations from water afforded long, colourless, silky, flattened needles of p m.p. 184°. (Found: C, 48-9; H, 4-1; N, 14*5. C8H 80 2N2S requires C, 49-0; H, 4T; N, 14-3 %.)
The above nitrile (7g.) was dissolved in absolute alcohol (30c.c.) and dioxan (75c.c.), and the process of amidine formation carried through in the customary way. The alcoholic ammonia solution was evaporated to dryness and the residue extracted with a small volume of water, when a small residue (0-7 g., m.p. 182-184°) of unchanged nitrile remained undissolved. The aqueous solution was evaporated to dryness and the syrupy residue gradually crystallized. p-Sulphonamidophenylacetamidine hydrochloride was extremely soluble in water and the lower alcohols, and separated from methyl alcohol-ethyl acetate (1 : 1) in fine colourless prisms, m.p. 215°. (Found: C, 38*6; H, 4-8. C8H n 0 2N3S, HC1 requires C, 38-5; H, 4-8 %.)
4:-Sulphonamido-3-methylbenzamidine hydrochloride. Aceto-w-toluidide (116 g.) was submitted to the same treatm ent as that described below for the or -derivative. The free aminosulphonamide (73-3 g.) separated from spirit in colourless, microscopic rhombs, m.p. 170-171°. Goldyrev & Postovskii (1938) record m.p. 168°. When applied to the amine (54-7 g.), the conditions for the Sandmeyer feaction, described above for sulphanilamide, afforded 3-cyanoto (31-3'g.) w separated from dilute aqueous alcohol in long narrow rectangular plates, m.p. 195° with prior sintering. (Found: C, 48-8; H, 4-3; N, 14-3. C8H 80 2N2S requires C, 49-0; H, 4-1; N, 14-3%.)
A solution of the above nitrile (8 g.) in absolute alcohol (20 c.c.) and dioxan (60 c.c.) was saturated with hydrogen chloride and the process of amidine formation carried through. The ammoniacal alcohol solution deposited a heavy crystalline solid (6-9 g.) which was collected and washed with a small volume (14 c.c.) of water. The substance was resuspended in water and carefully neutralized with N-hydroclilorie acid to pH 6. Evaporation of the solution to dryness and crystallization of the product from water gave 4-sulphonamido-3-methylbenzamidine hydrochloride, c trapezoidal tablets, m.p. 257-258°. (Found: C, 38-6; H, 5-0; N, 16*6. C8H n 0 2N3S, HC1 requires C, 38*5; H, 4*8; N, 16*8 %.)
2-Amino-b-sulphonamidotoluene. Aceto-o-toluidide (83 g.) was converted to the chiorosulphonyl derivative with chlorosulphonic acid (396 c.c.) in the usual manner. The sulphonyl chloride was collected and treated, while still damp, with 16% aqueous ammonia (500 c.c.) and left overnight. Aqueous sodium hydroxide (60 c.c., 50 % solution) was added and the solution, after filtration, was treated with excess of saturated ammonium sulphate solution. The precipitated sulphonamide was collected and immediately deacetylated by being refluxed with 16 % aqueous hydrochloric acid (500 c.c.) for an hour. The free amine, liberated by careful addition of alkali and finally bicarbonate, was collected (63*8 g.) and crystallized from 40 % alcohol and then from spirit, when colourless prisms (54g.) separated, m.p. 174°.
Goldyrev & Postovskii (1938) ascribe a different orientation to this substance and record m.p. 176°. A small amount (4*5 g., m.p. 135-147°) of a lower-melting by product was isolated from the mother liquor.
2-Cyano-5-sulphonamidotoluene. The preceding amine (54g.) was submitted to the Sandmeyer reaction, using the conditions described above for sulphanilamide. The resulting nitrile separated from 40 % aqueous alcohol in microscopic rhombs (39*4g., 69 % yield), m.p. 187°. (Found: C, 48*7; H, 4*2 ; N, 14-0. C8H 80 2N 2S requires C, 49 0 ; H, 41; N, 14*3%.)
This nitrile failed to undergo reaction with ethyl alcohol and hydrogen chloride under the usual conditions for imino-ether formation and was recovered unchanged.
p-Sulphonmethylamidobenzamidine hydrochloride (III). p-Acetamidobenzenesulphonyl chloride (23*36 g.), finely powdered, was suspended in dry ether (100 c.c.), and alcoholic methylamine solution (20 g., 3 3 %) added in portions with cooling. After keeping for 12 hr. the ether was distilled, the residue treated with water and the solid collected, ground with saturated sodium bicarbonate solution, filtered and washed with water, yield 17*05 g. One part of p-acetamidobenzenesulphonmethylamide required 20 parts of boiling water to dissolve it, and it crystallized therefrom in needles, m.p. 184-185°. (Found: N, 12*6. Calc, for C9H 120 3N2S: N, 12*3%.) Ma.ngini (1940) The foregoing substituted aniline (10-35g.) was diazotized in hydrochloric acid solution and added to a solution of cuprous cyanide (4*97 g.) in water (40c.c.) con taining sodium cyanide (5-4 g.) at 50°. The solid which separated was collected and extracted (Soxhlet) with ether, yield 7*6 g. I t was crystallized from water (300 c.c.) and then from its own weight of boiling ethyl acetate, yield 4-83 g. p--sulphonmethylamide crystallized in plates, m.p. 127-128°. (Found: C, 48-9; H, 4-0; N, 14*2. C8H 80 2N 2S requires C, 48-9; H, 4*1; N, 14-3 %.)
Experimental chemotherapy of typhus
The foregoing nitrile (4*5 g.) in absolute ethyl alcohol (11*5 c.c.) was converted into the imino-ether hydrochloride and then into the amidine in the usual way. On concentration of the alcoholic ammonia solution, crude amidine hydrochloride was obtained in three crops which on crystallization from water gave amidobenzamidine hydrochloride (3-4 g.), m.p. 290-291°. This salt was soluble in 1*5 vol. of boiling water and crystallized in small rhombs. (Found: C, 38-3; H, 5-0; N, 16-6. C8H n 0 2N 3S, HC1 requires C, 38*5; H, 4-9; N, 16-8 %.)
p-Sulphondimethylamidobenzamidine hydrochloride, p -Aminobenzenesulphondimethylamide (19*8 g.) in water (60 c.c.) and concentrated hydrochloric acid (20 c.c.) was diazotized a t 0-5° with sodium nitrite (7:2 g.) in water (72 c.c.). The solution was added slowly to one of cuprous cyanide (8-8 g.) in water (80 c.c.) containing sodium cyanide (9-6 g.) a t 0-5°. When all had been added, the temperature was raised to 50° to complete the reaction. An ethereal extract of the cooled reaction mixture gave crude nitrile (19*0 g.) which on crystallization from 5 vol. of absolute ethyl alcohol gave p-cyanobenzenesulphondimethylamide, yield 16-45 g., m.p. 124 , as clusters of plates. (Found: C, 51-7; Hf 4-8; 1ST, 13-1. C9H 10O2N 2S requires C, 51*4; H, 4-8; n , i3 '3 %.) v ; . i T he above nitrile (4-2g.) in absolute alcohol (12 c.c.) was converted into the limnoether and then into the amidine in the usual way. The alcoholic ammonia solution was evaporated to dryness and the residue dissolved in a little water. By careful fractionation a very soluble salt (2-6 g.) was obtained free from ammonium chloride, and on crystallization from half its weight of hot water gave p amidobenzamidine h y d r o c h l o r i d e , tablets, yield 2-04g., m.p. 251-252°. (Fo C, H, (5) (6) ; N, 16-2. C9H 130 2N 3S, HC1 requires C, 41-0; H, 5-4; N, 15-9 %.) p -Sulphondiethylamidobenzamidinehydrochloride. p-Cyanobenzenesulphonyl chloride (11-7 g.), finely powdered, was suspended in dry ether (100 c.c.) and diethylamine (10-3 c.c.) added fairly rapidly with external cooling. After standing for 48 hr. the ether was distilled, the residue treated with water and the solid (12-6 g.) collected. I t was crystallized from its own weight of absolute alcohol and p-cyanobenzene-sulphondiethylamide separated in aggregates of large plates (ll-4g.), m.p. [94] [95] 55*5; H, N, H, [5] [6] [7] [8] [9] N, The above nitrile (4-96 g.) in absolute alcohol (6 c.c.) was converted into the imino-ether hydrochloride and then into the amidine in the usual way. The ammoniacal alcoholic solution was evaporated to dryness and an aqueous solution (3-0 c.c.) of the residue was made faintly acid to litmus by addition of hydrochloric acid. The crude p-sulphondiethylamidobenzamidine hydrochloride (5-1 g.) sep in tablets and on crystallization from its own weight of water was analytically pure with m.p. 232-233°, yield 4-7 g. (Found: C, 45*5; H, 6'3 ; Cn H 170 2N 3S, HC1 requires C, 45-3; H, 6-2 %.)
p-Sulphonbutylamidobenzamidine hydrochloride. Top-acetamidobenzenesulphonyl chloride (11-7 g.), suspended in dry ether (100 c.c.), was added w-butylamine (7-3 g.) with external cooling. After keeping for 24 hr. the ether was distilled, the residue treated with water and the p-acetamidobenzenesulph collected, 12-6 g. Recrystallization from 2-5 vol. of boiling ethyl acetate gave square plates, m.p. 139-140°. (Found: C, 53-6; H, 6-9; N, 10-6. C12H 180 3N 2S requires C, 53-3; H, 6-7; N, 10-4%.)
The above diamide (12-2 g.) was boiled with hydrochloric acid (80 c.c., 16 %) for 1 hr., cooled and p-aminobenzenesulphonbutylamide hydrochloride collecte 13-95g. It crystallized from 17 parts of boiling alcohol in pearly leaflets, m.p. about 230°. (Found: C, 45-3; H, 6-2 ; N, 10-5. C10H 16O2N 2S, HC1 requires C, 45-3; H, 6-5; N, 10-6 %.)
The above aniline hydrochloride (11 g.) was diazotized in the usual way and the diazo-solution slowly dropped into a vigorously stirred solution, kept at 50°, of cuprous cyanide (3-7 g.) and sodium cyanide (4-08 g.) in water (30 c.c.). When cold the solid was collected, and when dry was extracted with ether (Soxhlet), yield 8-9g. It was crystallized first from 70 % alcohol and then from one-half part of ethyl acetate from which p-cyanobenzenesulphonbutylamide crystallized i needles with a waxy texture, m.p. 99-100°. (Found: C, 55-5; H, 6*1; N, 11-9. Cn H140 2N2S requires C, 55-4; H, 5-9; N, 11-8 %.) For amidine formation, the nitrile (3-37 g.) was suspended in absolute alcohol (5 c.c.) and converted into the imino-ether hydrochloride and then into the amidine in the usual way. The solid was collected and the ammoniacal mother liquor evapo rated to dryness.^ The collected solid and the alcoholic residue were treated with water (15 c. For amidine formation, the above cyano-compound (9-0 g.) in ethyl alcohol (27 c.c.) was treated with dry hydrogen chloride and amidine formation completed as usual. The ammonium chloride which had separated was filtered off and the mother liquor boiled down, two crops (11-2 g. in all) being collected of crude amidine hydrochloride, which on crystallization from 95 % ethyl alcohol gave pure p phondi- (/3-hydroxyethyl) A solution of the above dinitrile (4 g.) in absolute alcohol (8 c.c.) and dioxan (20 c.c.) was converted into the di-imino-ether hydrochloride and then into the diamidine in the usual manner. The hard crystalline deposit (3*9 g.) was collected and a further quantity (2-81 g.) obtained on evaporation of the alcoholic ammonia mother liquor to dryness. The solid, consisting of free di-amidine base (3-65 g.), was washed with a small volume of water and neutralized with 2N-hydrochloric acid. 4 :4 ; p-Sulphonpiperididobenzamidinehydrochloride. Piperidine (lOc.c.) was added gradually to p-cyanobenzenesulphonyl chloride (ll-7g.), finely powdered and suspended in dry ether (lOOc.c.) with external cooling. After 12 hr. the ether was distilled and the residue treated with water. The solid (13-1 g.) was collected and dissolved in the minimum volume (50 c.c.) of boiling ethyl alcohol. sulphonpiperidide, so obtained, crystallized in pearly leaves, m.p. 134-135°. (Found: C, 57*4; H, 5-3; N, 11-2. C12H 140 2N2S requires C, 57-6; H, 5-6; N, 11*2 %.)
For amidine formation, the nitrile (5-26 g.) was suspended in absolute ethyl alcohol (15 c.c.) and the process completed as usual. The alcoholic ammonia was distilled to dryness, several intermediate crops of ammonium chloride being removed by filtration. The alcohol residue was dissolved in water, extracted with ether and then evaporated dry and fractionally crystallized from ethyl alcohol to separate ammonium chloride. Finally, crude p-sulpho hydrochlo (3*08 g.) separated and on crystallization from boiling ethyl alcohol (6 c.c.) afforded delicate hexagonal plates (2-05g.), m.p. 224-225°. (Found, C, 47-5; H, 6-0. C12H 170 2N 3S, HC1 requires C, 47-4; H, 6-0 %.) p-Sulphonmorpholidobenzamidine hydrochloride. p-Cyanobenzenesulphonyl chloride (11-7 g.) suspended in dry ether (lOOc.c.) was treated with morpholine (8-7 c.c.) with slight external cooling. After 24 hr. the ether was distilled, the residue diluted with water and the solid (13-56 g.) collected, p morpholide was crystallized from boiling ethyl alcohol (200c.c.) and separated in pearly leaves, yield ll-5g., m.p. 158-159°. (Found: C, 52-4; H, 4-9; N, 10-9. Cn H 120 3N 2S requires C, 52-4; H, 4-8; N, 11-1 %.)
For amidine formation, the nitrile (6-2 g.) was suspended in absolute ethyl alcohol (18-6 c.c.) and the process carried through as-usual. The clear alcoholic ammonia solution was evaporated to dryness, several crops of ammonium chloride being removed during the process. The residue was dissolved in water, made slightly acid with hydrochloric acid, and unchanged nitrile removed by ether. On concentration to a small volume, the aqueous solution gave p hydrochloride (3-39 g.), m.p. 100°. If dried at 110° it melts to a clear liquid at 235° with previous sintering. I t was best crystallized from 5 vol. of isopropyl alcohol, the hydrated crystals becoming white and opaque before solution was effected. This salt separated in clusters of needles or prisms, m.p. 235-236°, which still retained one molecule of water of crystallization, not lost at 100°. (Found: C, H, (5) (6) (7) (8) N, HC1, H 20 requires C, H, (5) (6) ; N, 13-0 %.) p-Guanylbenzenesulphonamidoacetamidine dihydrochloride. Aminoacetonitrile sul phate (5-25g.) was suspended in pyridine (15c.c.) and p-cyanobenzenesulphonyl chloride (10-5g.) added as a fine powder, the reaction being controlled by external cooling. After keeping at 37° for 12 hr., the clear solution was poured into excess 3N-hydrochloric acid, the solid collected, washed with water, ground with sodium bicarbonate solution and again collected and well washed, p amidoacetonitrile (6-04 g.) separated from water (150 c.c.) in leaflets, m.p. 139-140°. (Found: C, 48-5; H, 3-1. C9H 70 2X3S requires C, 48-8; H, 3-2 %.) 4 or di-amidine formation, the di-nitrile (5*7 g.) was dissolved in a mixture of absolute ethyl alcohol (20 c.c.) and dioxan (10 c.c.) with the aid of heat. Di-iminoether formation and finally di-amidine formation were effected in the usual manner. The mixture of di-amidine base and ammonium chloride which had separated at 37° was treated with a little water, when it dissolved and a crystalline solid rapidly separated. This was collected, dissolved in N-hydrochloric acid (10 c.c.) and the solution concentrated to a small volume. dihydrochloride separated in tablets, yield 3-3 g. It was recrystallized from water (2-3 c.c.) and gave the pure salt, m. p-Guanylbenzenesulphonylguanidine hydrochloride (XVII). p-Cyanobenzenesulphonyl chloride (32 g.), /S'-methylisothiourea sulphate (22-25 g.) and dry pyridine (60 c.c.) were mixed and warmed gently on the water-bath. A vigorous reaction took place and rapidly subsided. After an hour the solution was added to water, when the precipitated gum slowly crystallized.
p-Cyan (14-5g.) crystallized from water in colourless flat prisms, m.p. 132-133°. (Found: C, 42-3; H, 3-3; X, 16-3; S, 25-6. C9H 90 2N3S2 requires C, 42-3; H, 3-5; X, 16-5; S, 25-1 %.)
A solution of the above thiourea (5-1 g.) in absolute alcohol (5 c.c.) and dioxan (25 c.c.) was converted into the imino-ether hydrochloride in the usual way. The residue, after removal of solvent and excess hydrogen chloride, was treated with 10 % alcoholic ammonia (100 c.c.) for 7 days. The resulting solution wT as freed from methyl mercaptan, excess ammonia and solvent, the residual gum crystallizing on boiling with a small volume of alcohol. The product, p guanidine h y d r o c h l o r i d e , was crystallized from methyl alcohol and then from water (4-8g., in 3c.c.), when clusters of colourless radiating prisms (3-9g.) separated, m.p. 165-170° on slow heating or as low as 140° in a preheated bath. (Found: on solid dried over H 2S 0 4 in a vacuum, X, 23-6; H 20, 5-4. C8H n 0 2X5S, HC1, H 20 requires X, 23-7; H 20, 6-1. Found, on solid dried at 110° in a vacuum, C, 34-2; H, 4-6. C8H n 0 2X5S, HC1 requires C, 34-6; H, 4-3 %.) p -Guanylbenzenesulphonamidothiazolehydrochloride. 2-Aminothiazole (10-0 g.), p-cyanobenzenesulphonyl chloride (10-1 g.) and dry ether (110c.c.) were mixed at 0° and kept at room temperature overnight. The heterogeneous mixture was gently digested on the wrater-bath to complete the reaction and then freed from ether by distillation. W ater was then added and the undissolved solid collected, yield 11-13 g. This was treated with 2N-sodium hydroxide solution (20c.c.) and the non-acidic material (1-73 g.) collected. The alkaline filtrate was acidified with acetic acid and the solid (6-9 g.) collected. The alkali-insoluble solid, on boiling with ethyl alcohol (15 c.c.) insufficient to dissolve it, gave on cooling a solid (1-6 g.), m.p. 218°. This was then crystallized from 53 vol. of boiling glacial acetic acid and gave 2-p sulphonimido-%-p-cyanobenzenesulphonylthiazole, in compact tablets, m.p. 226° (decomp.). (Found: C, 47-3; 47-5; H, 2-8; 2-9; N, 12-7; 13*1. C17H 10O4N4S3 requires C, 47-4; H, 2-3; N, 13-0%.) The alkali-soluble portion when boiled with ethyl alcohol (25c.c.), insufficient to dissolve it, gave, on cooling, a solid (6T5g.), m.p. 208°. It was crystallized first from 7 vol. of boiling glacial acetic acid and separated in blades, m.p. 214-215° raised to 215-216° by further crystallization from 40 vol. of ethyl alcohol. Analysis showed it to be the required thiazole. (Found: C, 45-2; H, 2-7; N, 15-8. C10H 7O2N3S2 requires C, 45-3; H, 2-7; N, 15-8%.)
This latter substance was more readily obtained by working in a homogeneous pyridine solution. Thus, 2-aminothiazole (5-0g.) in dry pyridine (20 c.c.) was treated with p-eyanobenzenesulphonyi chloride (11-7 g.) and the solution warmed on the water-bath for 1 hr. The cooled solution, poured into excess 3x-hydrochloric acid, gave a solid which was almost completely soluble in 2N-sodium hydroxide solution (25c.c.). On acidification with glacial acetic acid, the crude cyano-compound (12*3 g.), m.p. 207°, was obtained. It was recrystallized from glacial acetic acid (75c.c.) and separated in glistening leaflets (10-5g.), m.p. 214°.
This cyano-compound (5-3g.) was suspended in absolute ethyl alcohol (15c.c.) and dioxan (15 c.c.), and imino-ether formation and subsequently amidine formation effected in the usual way. The alcoholic ammonia solution, after keeping at 37°, had deposited a brown solid which was collected and, on evaporation of the mother liquor, a succession of crops of crystalline material was obtained. These were all combined and treated with a small volume of water (15 c.c.) which removed am monium chloride and a small amount of amidine hydrochloride. The insoluble material (7-4 g.) was extracted with dilute hydrochloric acid which removed the amidine and left unchanged nitrile (2-3 g.), m.p. 214°. The above aqueous extract, and the hydrochloric acid extract gave, on concentration, p amidothiazole hydrochloride (4*2 g.), which was recrvstallized from 3 parts of hot water, giving the pure salt in the form of thin rhomb-shaped leaflets, m.p. 283-284°. (Found: C, 37-5; H, 3-7; N, 17-5. C10H 10O2N4S, HC1 requires C, 37-7; H, 3-5; N, 17-6%.) 2-p-Guanylbenzenesulphonamido-4:-methylthiazole hydrochloride. p -Cyanobenzenesulphonyl chloride (10g.), 2-amino-4-methylthiazole (6 g.) and dry pyridine (10c.c.) were warmed on the water-bath for 1^ hr. The product amido-4:-methylthiazole (12-8 g.) isolated in the usual way separated from 50% aqueous alcohol in prisms which tenaciously retained a light buff colour, m.p. 184-185°. (Found: C, 47*5; H, 3-5; N, 15-0. Cn H 90 2N3S2 requires C, 47-3; H, 3-2; N, 15-1%.)
The preceding nitrile (7*4 g.) was treated with hydrogen chloride in absolute alcohol (15 c.c.) and dioxan (30 c.c.) and amidine formation effected in the customary manner. The yellow solid which separated was collected (7-45 g.). It was suspended in water and 2N-hydrochloric acid carefully added, but it was not possible to dissolve the solid entirely above pH 4. Insoluble material was filtered off and the colourless solution gave a further bright yellow precipitate when the pH was raised to about 5-5. The colourless filtrate was evaporated to small bulk and the crystals of 2-p benzenesulphonamido-4:-methylthiazole hydrochloride (1-33 g.) which separated were collected. Recrystallization from 2-5 parts of water afforded colourless rectangular plates which effloresced in a vacuum over concentrated sulphuric acid, m.p. 220-221° (decomp.). (Found: Loss at 100° in a vacuum, 5-3. On dried material, C, 39-6; H, 4-3. Cn H 120 2N4S2, HC1, H 20 requires H 20 , 5-1. Cn H 120 2N4S2, HC1 requires C, 39-7; H, 3-9 %.)
2'--p-Guanylbenzenesulphonamido-4:': 6' -dimethyhydr phanilamido-4: 6-dimethylpyrimidine ('Sulphamezathine') (13-9g.) was diazotized in hydrochloric acid solution (H20, 36c.c.; HC1, 32% , ll-6 c.c.) and the diazo solution added at 0° to a vigorously stirred solution of sodium cyanide (4-9 g.) and cuprous cyanide (4-49 g.) in water (40c.c.). When all had been added the solution was warmed to 60° for 1 hr., then cooled and the crude solid collected and dried. I t was extracted with ether (Soxhlet) and gave crude p dimethylpyrimidine (6*3 g., m.p. 192°). The aqueous liquors on ether extraction gave a further crop (0*7 g.), m.p. 192°. I t was soluble in 10 parts of boiling spirit and separated in pale yellow thin prisms, m.p. 196-197°. (Found: C, 54-3; H, 4-5. Ci3H 120 2N4S requires C, 54-1; H, 4*2 %.)
The above nitrile (8-83 g.) was dissolved in dioxan (16c.c.), and absolute ethyl alcohol (24c.c.) and imino-ether followed by amidine formation were effected as usual. The copious crystalline deposit which separated from the ammoniacal alco holic solution proved to be crude amidine base (10-0 g.). I t was treated with n -hydro chloric acid (30c.c.) and the solution on concentration gave p phonamidodimethylpyrimidine hydrochloride (9*2 g.). It was recrystallized from an equal weight of water and separated in two forms, tablets and spiked plates. These have no sharp m.p.; they shrink considerably between 200 and 205°, do not form a meniscus, and effervesce about 230°. (Found: C, 43-0; H, 4-9; N, 19-7; H 20, 5-6. C13H 150 2N 5S, HC1, H 20 requires C, 43-4; H, 5-0 ; N, 19-5; H 20 , 5-0 %.) p -Sulphon-2-pyridylamidobenzamidine hydrochloride. p -Cyanobenzenesulphonyl chloride (10g.), 2-aminopyridine (5g.) and dry pyridine (10c.c.) were mixed and warmed on the water-bath for 1| hr. The resulting viscous mass was shaken with water and the crystalline product (ll-9g.) collected and dried. Crystallization from spirit afforded colourless, pearly plates of 2-p m.p. [193] [194] H, [3] [4] [5] [6] ; N, 15*6. C12H 90 2N3S requires C, 55-6; H, 3-5; N, 16-2 %.)
The foregoing nitrile (4g.) in absolute alcohol (12c.c.) and dioxan (40c.c.) was converted into the amidine through the imino-ether hydrochloride in the usual way. The microcrystalline white solid (4-74 g.) which separated was collected and a further quantity (1 • 1 g.) obtained by evaporating the mother liquor to dryness. The substance was neutralized with 2n-hydrochloric acid to about pH 6 and the filtered solution evaporated to small bulk, when crystallization occurred on cooling. Recrystalliza tion from a small volume of water afforded small short rhombs of pyridylamidobenzamidine hydrochloride, m.p. 207° (decomp.). (Found: C, 46-2; ' H, 4-2; N, 17-6. C12H 120 2N4S, HC1 requires C, 46-1; H, 4-2; N, 17-9 %.) p-Sulphon-O-methylhydroxylamidobenzamidine hydrochloride. For the preparation of this amidine, O-methylhydroxylamine base was required. For this purpose dipotassium hydroxylaminedisulphonate was prepared as described by Rollefson & Oldershaw (1932) . This salt is unstable and rapidly develops free sulphate, so it must be methylated whilst still slightly damp. About 105 g. of this salt (cf. Traube, Ohlendorf & Zander 1920) were added to a solution of potassium hydroxide (28 g.) in w^ater (250 c.c.) at room temperature and dimethyl sulphate (35 c.c.), freshly distilled and acid-free, was run in from a dropping-funnel. The solid in suspension slowly dissolved and the temperature rose during the reaction to about 35°. The alkalinity of the final solution having been reduced by a stream of carbon dioxide, the solution on concentration under reduced pressure below 50° gave dipotassium O-methylhydroxylaminedisulphonate in the form of bold hexagonal plates in good yield. This salt (60-2 g.) was boiled with hydrochloric acid (100 c.c., 16 %) for 5 hr., the solution made strongly alkaline with sodium hydroxide and the liberated O-methylhydroxylamine steam distilled into N-hydrochloric acid (100 c.c.). The latter on evaporation to dryness gave O-methylhydroxylamine hydrochloride which was collected after dissolving in a little hot ethyl alcohol and adding excess of hot ethyl acetate, yield 15-7 g. To obtain anhydrous base, the hydrochloride (32-6 g.) was treated dropwise with 50 % sodium hydroxide solution and the issuing basic vapour passed over pellets of potash in a U-tube kept at 60°. The O-methylhydroxylamine base was collected in a freezing mixture, yield 90 %.
O-Methylhydroxylamine (6*78 g.) was dissolved in dry ether (25 c.c.) andp-cyanobenzenesulphonyl chloride (6-78 g.) added all at once. The reaction commenced immediately and was completed by boiling on the water-bath for a short time. W ater was then added and then the ether was distilled off, leaving a crystalline solid, yield 7-0 g. p-Cyanobenzenesulphon-O-methylhydroxylamide so obtained was crys lized from 17 parts of boiling benzene and separated in tablets, m.p. [118] [119] H, [3] [4] [5] [6] [7] [8] N, H, 3*8; N, For amidine formation the above nitrile (4-24 g.) was dissolved in absolute alcohol (12 c.c.) and the process completed in the usual way. The alcoholic ammonia solution deposited a crystalline solid (4-4 g.), which was chloride-free, and on crystallization from ethyl alcohol (50 mg. in 30 c.c.), in which solvent it is sparingly soluble, gave p-sulphon-O-methylhydroxylamidobenzamidine base (30 mg.), m.p. 214° (with vigorous efferv.). (Found: C, H, ; N, 18*3. C8H u 0 3N3S requires C, 41-9; H, 4-8; N, 18-3 %.) The main bulk of base was treated with N-hydrochloric acid (19-0c.c.) and the solution concentrated to a small volume. hydroxylamidobenzamidine hydrochloride (4-24g.) separated in large tablets, m.p. 235-236° (efferv.). (Found: C, H, (4) (5) (6) (7) N, HC1 requires C, H, (4) (5) (6) N, p-Sulphon-O-ethylhydroxylamidobenzamidine hydrochloride. This substance in volves the initial preparation of O-ethylhydroxylamine. Hydroxyurethane (35 g.) (Hantzsch 1894) was added to a cold solution of sodium hydroxide (13*33 g.) in ethyl alcohol (130 c.c.) followed by ethyl iodide (52 g.). The mixture was boiled for 6 hr., the alcohol removed and the crude O-ethylhydroxyurethane extracted with ether (yield 26*8g.). This was hydrolysed by boiling for 2 hr. with a solution of sodium hydroxide (32 g.) in water (32 c.c.), the O-ethylhydroxylamine formed being extracted with ether and converted into the hydrochloride (12*75 g.) by evaporation with excess aqueous hydrochloric acid. Anhydrous O-ethylhydroxylamine was recovered from the hydrochloride by the method described above for the O-methylhydroxylamine, the yield being 39 % on the crude hydroxyurethane used as starting material.
p-Cyanobenzenesulphon-O-ethylhydroxylamide was prepared by dissolving ethylhydroxylamine (2*65g., 4 mol.) in dry ether (10 c.c.) , and adding p-cyanobenzenesulphonyl chloride (2*0g., 1 mol.) all at once. The reaction was completed by warming on the water-bath for an hour. The solvent was removed, water added and the hydroxylamide (l*84g., yield 84 %) collected. It separated from its own weight of benzene in prisms, m.p. 98-99°. (Found: C, 47*9; H, 4*4; N, 12*4. C9H 10O3N2S requires C, 47*8; H, 4*5; N, 12*4%.) If molecular proportions of base and acid chloride were mixed in pyridine, the yield of the amide was much reduced.
For amidine formation the nitrile (6*3 g.) in ethyl alcohol (18 c.c.) was converted into the imino-ether hydrochloride and then into the amidine as usual. The alcoholic ammonia solution kept at 37° deposited large prisms (6*0 g.) free from ammonium chloride. A portion (50 mg.) was dissolved in the minimum volume of boiling absolute alcohol (24 c. 3N-hydrochloric acid (50c.c.) and the solid collected, washed, ground with sodium bicarbonate solution, again collected and washed with water, yield 7*5 g. I t separated from boiling ethyl alcohol in needles, m.p. [135] [136] H, 5*1; N, H, N, The yield by this method is poor and could probably be improved by use of excess of base in ether and avoiding pyridine as described for the O-ethyl analogue above.
The nitrile (4-8g.) was dissolved in ethyl alcohol (9-6 c.c.) and dioxan (4-8c.c.) and the process of amidine formation carried through as usual. The yellow crystalline solid (4-4g.) which separated from the ammoniacal alcoholic solution was chloridefree. It was very sparingly soluble in boiling ethyl alcohol, more soluble in methyl alcohol, one part requiring 200 parts of boiling solvent for solution, ppropylhydroxylamidobenzamidine separated from this solvent in silky primroseyellow needles, m.p. 222-223° (efferv.). (Found: C, 46-6; H, 5-9; N, 16-1. C10H 15O3N3S requires C, 46*7; H, 5-9; N, 16-3%.) The main bulk of the base (4-3 g.) was treated with n -hydrochloric acid (16-5 For amidine formation, the mono-cyano compound (5 g.) was dissolved in absolute ethyl alcohol (15 c.c.) and worked through as usual. Well-formed prisms (4*43g.) separated from the alcoholic ammonia solution and they were chloride-free. A portion (0-1 g.) was dissolved in boiling absolute alcohol (20 c.c.) and on cooling p Q-butylhydroxylamidobenzamidine base separated in small needles, m.p. 218° (efferv.). (Found: C, H, N, H, N, The remainder of the base (4-3 g.) was dissolved in N-hydrochloric acid (15-9 c.c.), and on concentration the solution deposited the hydrochloride (4-73g.) in tablets or short prisms, m.p. (air-dry) 110-114°; dried at 95° it forms a meniscus about 135-137°. (Found: C, 42-1; H, 6-1; N, 13-6; H20 , 2-9. Cn H170 3N3S, HC1,-|-H20 requires C, 41-7; H, 6-0 ; N, 13-3; H aO, 2-8 %.) p-2' : 5' -Dihydroxyphenylsulphonylbenzamidinehydrochloride, p-Cyanobenzenesul phinic acid (4-2 g.) was dissolved in warm water (20 c.c.) and added to an aqueous solution (40 c.c.) of p-quinone (2-7 g.). The colour of quinone was immediately dis charged, and after warming the mixture for a few minutes on the water-bath it was cooled and the product collected in quantitative yield. Crystallization from 10 °/Q aqueous alcohol gave fine prisms of 2-p -c yw it a slight yellow tinge, m.p. 182°. (Found: C, H, (3) (4) H, A solution of the above nitrile (7 g.) in absolute alcohol (7 c.c.) and dioxan (10 c.c.) was converted into the amidine in the usual manner. The bright yellow solid which separated was collected and dried (8-6 g.); only traces were obtained on evaporating the alcoholic mother liquor to dryness. The solid consisting of free amidine base was suspended in water and 2N-hydrochloric acid added until the substance just dissolved. The solution was concentrated to small bulk (about 5 c.c.) and on cooling deposited microscopic prisms. The nitrile (7-2g.) finely powdered was added to alcohol (6 c.c.) and dioxan (12 c.c.) and the stages of amidine formation followed in the usual way. The heavy solid (7-84 g.) which separated from the ammoniacal alcohol was collected and the mother liquor on evaporation gave a further quantity (3-3 g.). benzamidine hydrochloride separated from methyl alcohol in colourless rhombic prisms, m.p. 288-289°, with slight softening about 265°. (Found: N, 11*9; Cl, 15-1. C8H 10O2N 2S, HC1 requires N, 11-9; Cl, 15-1 %.) p -Sulphonamidobenzmethylamidmeand dine hydrochlorides. p-Cyanobenzenesulphonamide (4-55 g.) in absolute alcohol (12 c.c.) was converted into the imino-ether hydrochloride, which, on removal of the solvent and as much hydrogen chloride as possible at the pump, was added to ethyl alcoholic methylamine solution (25 c.c., 33 %) and kept at 37° for 3 weeks. The thick mass of crystals which separated was collected, yield 5-07 g. It was chloride-free and on crystallization from water (0-1 g. in 3 c.c.) gave glistening leaflets of p amidobenzmethylamidine base, m.p. 222° (efferv.). When the reaction of the imino-ether hydrochloride and alcoholic methylamine was carried out at 50° instead of 37° there was a slightly increased yield of the dimethylamidine.
pSulphondimethylamidobenz -Namidobenzoic acid (34-4 g.) prepared in a manner similar to th at described by de Jong (1923) was refluxed with thionyl chloride (50 c.c.) for 3-5 hr. Excess thionyl chloride was recovered and the last traces were entrained by distillation with two lots of dry benzene. The solid chloride was finely powdered, kept in a vacuum for an hour and then added in portions with cooling to excess of 30 % methylamine solution (50 c.c.). The mixture was shaken vigorously and the product collected after 2 hr. Crystal lization from water afforded p-sulphondimethylamidobenzmethylamide, colourless plates (28-8g.), m.p. 156°. (Found: C, 49-8; H, 5-9. C10H14O3N2S requires C, 49-6; H, 5-8 %.)
The preceding amide (6-05g.) was suspended in toluene (75 c.c.) of which part (15 c.c.) was distilled away to ensure dryness, and powdered phosphorus pentachloride (5-7 g., 10 % excess) was added. The mixture was warmed on the waterbath for an hour and then toluene and phosphoryl chloride were thoroughly removed in a vacuum and the crystalline residue treated with 10 % alcoholic ammonia solution at 37°. The solution gave on evaporation a syrupy hydrochloride which could not be crystallized.
p-Sulphondimethylamidpier ate, obtained by addition of excess sodium picrate solution, separated from 80 % aqueous alcohol in orange plates, m.p. 222° (softening at 220°); on two occasions recrystallization gave crystals (polymorphic form?) of m.p. 260°, but this material was not regularly obtainable. (Found: C, H, (3) (4) (5) N, C6H 30 7N3 requires C, H, (3) (4) (5) (6) (7) (8)  N, 17-9 %.) The picrate was recovered un changed after treatm ent with seven molecular proportions of alcoholic hydrochloric acid.
p-Sulphondimethylamidobenz-NW-dimethylamidinehydrochloride. p-Sulphondimethylamidobenzmethylamide (6-05 g.) was treated with phosphorus pentachloride as described above and the imino-chloride treated with 33 % alcoholic methylamine solution (25 g.) at 37°. On solution the product was contaminated with some of the starting material, which was removed by extracting an aqueous solution with chloroform. The required hydrochloride (5-7g.) separated from water in welldeveloped, colourless prisms, m.p. 296-298°. (Found: C, 45*6; H, 6-3; N, 14-3. Cn H 170 2N 3S, HC1 requires C, 45-3; H, 6-2 ; N, 14-4 %.) pSulphondimethylamidobenz -NNN' -tri methylamidobenzmethylamide was treated with (i) phosphorus pentachloride, and (ii) alcoholic dimethylamine solution, but the resulting syrupy amidine hydro chloride could not be obtained in a crystalline condition. The picrate separated from 2 0 % aqueous methyl alcohol in pale yellow prisms, m.p. [182] [183] H, N, C6H 30 7N3 requires C, H, N, p-
S u l p h o n a m i d o b e n z a m i d r a z o n e h y d r o c h l o r i (VI)
. amide (4-5 g.) was converted into the imino-ether hydrochloride, which, as a dry powder, was suspended in absolute ethyl alcohol (10-0 c.c.) and treated with hydra zine hydrate (5-0 c.c.) . A clear solution resulted, but was rapidly followed by crystal lization. The collected solid (5-38 g.) was treated with n-hydrochloric acid (11 c.c.) and, on concentration of the solution, a very soluble salt, drazone hydrochloride, separated in aggregates of thin plates (4-53 g.). On crystal lization from water (1-5c.c.) it had m.p. 187° (efferv.). -(p'-sulphamylphenyl) amidobenzamidinenitrate. Sulphanilamide (8-6g.) dissolved in dry pyridine (20c.c.) was treated with p-cyanobenzenesulphonyl chloride (11-7 g.) and the solution heated for 1 hr. on the boiling water-bath. On adding excess of 3N-hydrochloric acid, a solid was precipitated, which was collected, washed and dried and crystallized from the minimum volume of boiling glacial acetic acid (200c.c.).
p-Cyanobenzenesulphonamidobenzen (15-1 g separated on cooling in clusters of fine needles, m.p. 221-222°. (Found: C, 46-4; H, 3-6. C13H n 0 4N 3S2 requires C, 46-3; II, 3-3 %.)
For amidine formation, the above nitrile (8-4g.) was dissolved in dioxan (25 c.c.) and ethyl alcohol (17 c.c.) and the process continued as usual. The alcoholic ammonia solution was separated from ammonium chloride and concentrated, when crude amidine base (6-89 g.) separated. This was washed with water and neutralized with 2N-hydrochloric acid (6-55 c.c.). All attempts to crystallize the amidine hydro chloride were unsuccessful, but on adding ammonium nitrate to the aqueous solu tion p-sulphon{p'-sulphamylphenyl)amidobenzamidine nitrate (5-89g.) readily separated. I t was then crystallized from isopropyl alcohol (50 c.c.) with addition of water (3c.c.) and separated in aggregates of diamond-shaped plates, m.p. 208-209° (efferv.). (Found: C, 37-3; H, 4-0; N, 17-0. C13H 140 4N4S2, H N 0 3 requires C, 37-4; H, 3*6; N, 16-8%.) p -Sulphon -(p' -NN' -dimethylsulphamylphenyl)amidob hydrochlor p -Cyanobenzenesulphonyl chloride (15-1 g.) was added to a solution of AT1-dimethylsulphanilamide (15 g.) in pyridine (30 c.c.). After 12 hr. excess of 3N-hydrochloric acid was added and the product collected and well washed with water, yield 26 g. I t was dissolved in the minimum volume of boiling glacial acetic acid (130 c.c.) and p -cyanobenzenesulphonamidobenzenesulphondimethylamide,m.p. 206-207°, separated in plates. (Found: C, 48-9; H, 4-2; N, 11-7. C15H 150 4N3S2 requires C, 49-3; H, 4-1; N,ll-7%.)
For amidine formation, the nitrile (9-1 g.) was dissolved in a mixture of absolute alcohol (30 c.c.) and dioxan (30 c.c.) and the process carried through in the usual way. The crystalline deposit from the alcoholic ammonia solution was collected, washed with water and dried, yield 9-0 g., m.p. 273°. This amidine is very sparingly soluble in boiling water, one part requiring 2000 parts for solution; it then separated with m.p. 282° (efferv.). The main bulk of the base (9-0g.) was dissolved in 2n-hydro chloric acid (11-8 c.c.) and water (20 c.c.) with the aid of heat, and on cooling p-sulphon-(p'-W-dimeihylsulphamylphenyl)amidobenzamidine hydrochloride separ ated in tablets, yield 9-8 g. For analysis it was recrystallized from water (15 c.c.) and separated as a hydrate, m.p. 170° (efferv.), resolidifying on further heating and then melting at about 240°. (Found: C, 41-5; H, 4-8; H 20, 4-6. C15H180 4N4S2, HC1, H 20 requires C, 41-2; H, 4-8; H 20 , 4T %.) p -Sulphon-(p' -dimethylsulphamylphenyl)amidobenzamidoxime. p -Cyanob sulphonamidobenzenesulphondimethylamide (9-lg.) was converted into the amidoxime in the usual way. The alcohol was removed, water added and an oil separated which solidified on keeping, yield 9-8 g. It was crystallized from boiling water (1400 c.c.) and separated in long needles, m.p. 118° (efferv.), but when dried at 100° it sintered at 127-130° and effervesced at about 160° without formation of a men iscus. (Found: C, H, (4) (5) (6) (7) N, loss at 100°, 1^H20 requires C, H, N, H 20, . Attempts to prepare a homogeneous crystalline hydrochloride were not successful.
Amidines containing sulphonic or sulphinic acid groups p-Sulphobenzamidine. Potassium p-cyanobenzenesulplionate (5-5 g.) was sus pended in absolute alcohol (7-2 c.c.) and then subjected to the usual stages for amidine formation. The crystalline solid which separated from the ammoniacal solution was collected, washed with water to remove ammonium chloride and proved to be p -sulphobenzamidine(4-15 g.). On crystallization from 200 parts of boiling water it separated in small rectangular plates, m.p. above 370°. (Found: C, II, N, H, N, It gave the amidine colour reaction described by Fuller (1944) . p-Sulphinobenzamidinehydrochloride, (a) From pamide. Sodium (4*08 g.) was allowed to react with absolute alcohol (56c.c.) and the solution was then added gradually to a hot solution of hydroxylamine hydrochloride (12-24g.) in water (5*6 c.c.), avoiding boiling as far as possible. The solution was cooled, filtered from sodium chloride, and the latter washed with absolute alcohol (56 c.c.). The total filtrate was cooled in ice and treated with finely powdered p-cyanobenzenesulphonyl chloride (16-08 g.) in portions. The solution was kept for 12 hr. and a crop of water-soluble crystals was removed by filtration. The filtrate was evaporated to dryness below 40° and the residue treated with water (10 c.c.). The crystalline solid (6-88g.), m.p. 169° (efferv.), was collected and crystallized by dissolving in warm methyl alcohol (8 c.c.) and adding warm water (16 c.c.) . benzenesulphonhydroxylamide separated in large plates (5-72 g.) which, recrystal lized in the same way, had m.p. 178° (efferv.). (Found: C, H, (3) (4) ; S, 16-6. C7H 60 3N 2S requires C, 42-4; H, 3-1; S, 16-2 %.) When crystallized from hot water this substance gradually decomposed with evolution of brown fumes. The pure substance gave a striking yellow colour on addition of sodium hydroxide solution.
The filtrate from the final crystallization deposited feathery needles (0-3 g.) which evolved bubbles of gas on boiling with water. It could be crystallized readily from methyl alcohol by addition of water. When, however, it was boiled with methyl alcohol (3 c.c.) it seemed to become less soluble and then separated in well-formed tablets, m.p. 138° (efferv.), yield 0-27 g. These readily effloresced in the air and became opaque, probably through loss of methyl alcohol of crystallization; they gave no yellow colour with sodium hydroxide solution. They proved, on analysis, to be NN-di-p-cyanobenzenesulphonhydroxylamide. (Found: C, 46-3; H, 2-4; S, 17-9. C14H 90 5N3S2 requires C, 46-3; H, 2-5; S, 17-7 %.) The constitution of this substance was also proved by synthesis. Thus, sodium p-cyanobenzenesulphinate (3-5g.) dissolved in water (35 c.c.) was treated with sodium nitrite (0-8g.) and 3N-hydrochloric acid added drop-wise with stirring until the reaction of the solution was just acid to Congo-paper. The solid which separated was collected, yield 3-2 g., m.p. 130° (efferv.). I t crystallized from methyl alcohol (30 c.c.) in large tablets or columns, m.p. 138° (efferv.), which readily effloresced in the air. A mixed m.p. with the above described AA-di-p-cyanobenzenesulphonhydroxylamide showed no depression.
For the preparation of p-sulphinobenzamidine, p-cyanobenze amide (6-0 g.) was dissolved in absolute alcohol (25c.c.) and converted into the imino-ether hydrochloride and then into the amidine in the usual way. The alcoholic ammonia solution deposited a white solid (7-6g.) which contained a trace of chloride. When crystallized from N-hydroehloric acid (65 c.c.), the free base separated (3-75 g.) in stout prisms or tablets, m.p. [310] [311] [312] [313] [314] [315] [316] [317] [318] [319] [320] H, [4] [5] S, H, S, This amidine is only very weakly basic, is soluble in sodium hydroxide, but not in sodium bicarbonate solution It gives Fuller's amidine colour reaction. When dissolved in warm 3N-hydrochloric acid or stronger acid, crystals separated on cooling as fine needles, m.p. above 350°, which proved, on analysis, to be p-sulphinob hydrochlo C, 38-0; H, 4-3. C7H 80 2N 2S, HC1 requires C, 38-1; H, 4-1 %.) (b) From p-cyanobenzenesulphinic acid. p-Cyanobenzenesulphonyl chloride (20 g was finely powdered and stirred with sodium sulphite heptahydrate (60 g.) and water (130 c.c.) for 2 hr., the pH being maintained throughout at 7-8 by addition of sodium hydroxide solution. The solution was cooled in the ice-chest and then acidified strongly with 60 % sulphuric acid. The precipitated p acid was collected, suspended in water (40 c.c.) and again collected. The product (12-62 g.) was readily soluble in water and crystallization from water gave fine colourless prisms, m.p. [126] [127] H, H, p -Cyanobenzenesulphinic acid (6-3 g.) was suspended in absolute alcohol (20 c.c.) and the process of amidine formation carried through in the customary manner. The white crystalline deposit from the alcoholic ammonia was collected and a second crop obtained by concentrating the mother liquor. Finally, the alcohol was com pletely removed and the residue treated with saturated sodium bicarbonate solution which precipitated a solid. This, together with the first two crops freed from am monium chloride by washing, amounted to 6-05 g. It was dissolved in almost boiling N-hydrochloric acid (37 c.c.) and gave p-sulphinobenzamidine (3-73g.), m.p. 310-320° with some decomposition. A mixture with the same substance pre pared by the alternative method described above behaved similarly. (1903, 1906) . Hexamethylene glycol (30-7 g.) was mixed with cooling with concentrated hydrochloric acid (300 c.c., 32 %), the temperature then raised to 95° and the chlorohydrin extracted by a fairly rapid stream of toluene in an apparatus such as th at described by Bennett and Mosses. Mechanical stirring to ensure rapid removal of the chlorohydrin as it is formed is an advantage.
The chlorohydrin (18-2 g.) was boiled for 30 hr. with a solution of sodium cyanide (10g.) in water (20c.c.) and alcohol (100c.c.). The solvent was removed, water added and the 6 -cya n o h exyl a l co h o l was extracted with ether and fractionated, yield b.p. 151° at 14mm. (Found: C, H, N, H, N, This was converted into bromide by adding phosphorus tribromide (13-5g.) drop-wise to the alcohol (20 g.) and heating the mixture on the water-bath for 4 hr. W ater was added, an ethereal extract made and the residue obtained on removal of the ether was fractionally distilled, yield Sodium G-cyanohexylsulphonate was prepared by boiling a solution of sodium sulphite heptahydrate (27-45 g.) in water (38 c.c.) with the cyanohexyl bromide (20-7 g.) until uniform solution was effected (5hr.). After removal of most of the water, spirit was added and a succession of crops of crystalline material obtained ("7 ~ S-in 'd 1), which on crystallization from boiling spirit (350 c.c.) gave the pure sodium salt (20-3g., 87-6% yield) as glistening scales. (Found: C, 39*7; H, N, [6] [7] Na, H, [5] [6] [7] N, Na, Foi the preparation of Q -c y a n o h e x y l s u l p h o n a m i d e , the previously described sodium sulphonate (5-3 g.) was heated on the water-bath with phosphorus pentachloride (5-2 g.) for 1 hr. The phosphorus oxychloride was distilled off and a benzene extract of the residue was added in portions to an ammonia solution (50 c.c., 0*88) cooled to 0 and vigorously shaken after each addition. As there was no separation of solid, the solvents were completely removed and the desired product obtained by ex traction of the residual salts with acetone. The final acetone solution on removal of the solvent left a syrup which gradually crystallized in a freezing mixture, yield 5*2 g. I t was distilled at 250° (external bath temperature), at 1 mm., dissolved in acetone to free it from a persistent amorphous impurity and, on concentration to a very small volume of solvent, readily crystallized, m.p. 49°. It could now be crystal lized from 25 vol. of boiling water and separated in clusters of prisms, m.p. [49] [50] H, N, 14*7. C7H 140 2N2S requires C, H, 7*4; N, For amidine formation the crude cyanohexylsulphonamide (from 4-3 g. of sodium 6-cyanohexylsulphonate) was dissolved in absolute ethyl alcohol (5 c.c.) and the process carried through in the usual manner. The alcoholic ammonia, showing no deposit, was evaporated to dryness and the residue treated with alcohol to remove ammonium chloride. On concentration, crystallization was effected by addition of dry ethyl acetate to the alcoholic solution. £-hydro chloride (3-38 g.) so obtained separated from absolute ethyl alcohol in crusts of needles, m.p. [127] [128] H, HC1 requires C, H, Anhydro-y-sulphobutyramidine (XVIII). y -Chlorobutyronitrile (30 g.) (Allen, 1928) was refluxed with an aqueous solution (120c.c.) of sodium sulphite heptahydrate (75 g.) for § hr. and the clear solution was then evaporated to dryness. The dry residue was thoroughly extracted in a continuous extractor with hot isopropyl alcohol and sodium y-cyanopropane-a-sulphonate separated in gl m.p. [234] [235] C4H 60 3NSNa requires N, 8-2 %.)
The above sodium salt (17T g.) was intimately mixed with powdered phosphorus pentachloride (20*8 g.), when an immediate exothermic reaction took place accom panied by liquefaction of the mixture. After standing for 1*5 hr. the mixture was treated with ice-water and the oil which separated extracted with ether. The ether solution, dried over sodium sulphate, was mixed with 10 % alcoholic ammonia solution and set aside for 2 hr. The precipitated ammonium chloride was filtered off and the filtrate evaporated to dryness under reduced pressure below 40°. The residue was extracted with ethyl acetate and the filtered extract evaporated to dryness left a colourless syrup (5-6 g.). Miller et al. (1940) obtained y-cyanopropane-a-sulphonamide as a solid, m.p. 65-66°.
The syrup (5-3 g.) was dissolved in absolute alcohol (9 c.c.) and imino-ether hydro chloride and amidine formation carried out in the usual way. The white crystalline solid was collected (2-3 g., m.p. 210-220°) and washed with a little alcohol and ether. It was suspended in water (4-5 c.c.) and filtered. It was resuspended in water, giving a suspension with pH 7-6; as one drop of 2N-hydrochloric acid brought the pH below 4, the substance was obviously not free amidine base. Crystallization from water afforded large colourless prisms of anhydro-y-m.p. 236 (Found: Loss at 100° in a vacuum, 14*6. C4H 80 2N2S, 1 |H 20 requires H 20, 15-4 %. Found on dried material: C, 32-5; H, 5-5; N, 19-3; S, 21-7. C4H 80 2N2S requires C, 32-4; H, 5-4; N, 18-9; S, 21-6 %.) Amidoximes containing the groups -S 0 2NH 2, -S 0 2NHi?, -S 0 2N R R 'and -S 0 2C < p-Sulphonamidobenzamidoxime hydrochloride (II). Anhydrous sodium carbonate (26-5 g.) was dissolved in water (100 c.c.) with slight warming and hydroxylamine hydrochloride (25 g.) added. p-Sulphonamidobenzonitrile (91 g.) was then added followed by ethyl alcohol (200 c.c.). The mixture was boiled on the water-bath for 1*5 hr., separation of amidoxime often taking place within 10 min. of the commence ment of boiling. The condenser was reversed and about 190 c.c. of aqueous alcohol distilled off within 30 min. The residue was diluted with water (100 c.c.), cooled and filtered, yield 85-93 g. p-Sulphonamidobenzamidoxime was obtained pure by crystallization from 10 vol. of boiling water, yield 75-88 g., m.p. 210° (efferv.). (Found: C, 38-9; H, 4*1; N, 19*2. C7H 90 3N3S requires C, 39*0; H, 4'2; N, 19-5%.) This base was dissolved in the calculated amount of 2n-hydrochloric acid and the solution concentrated slightly under reduced pressure. p-Sulphonamidobenzamidoxime hydrochloride hemihydrate separated in needles, m.p. 152-153° (efferv.). Occasionally considerable shrinkage may occur about 150°, followed by m.p. 201° with effervescence. When a specimen shows the first m.p. at 153°, it resolidifies in needles and then melts at 201° (efferv.). From more dilute solution it separates in well-formed rods or prisms. (Found: C, H, N, Cl, H 20 , (3) (4) (5) (6) HC1, ^H20 requires C, H, N, Cl, H 20 , (3) (4) (5) I t gives Fuller's amidine colour reaction after reduction in acid solution with zinc dust.
In preparing large quantities of p-sulphonamidobenzamidoxime, small quantities of p-cyanobenzenesulphonamide, p-carbamylbenzenesulphonamide and a new substance 3 : 5-di-p-sulphonamidophenyl-l: 2 : 4 were isolated from the final mother liquors. This oxdiazole, m.p. 313°, is soluble in 430 parts of boiling glacial acetic acid and separates in long needles. I t gave a crystalline sodium salt on treatm ent with 2x-sodium hydroxide but was unaffected by sodium carbonate or ammonia solution. (Found: C, 44-4; H, 3*2; N, 14-7. C14H 120 5N4S2 requires C, 44-2; H, 3-2; N, 14*7 %.) The formation of this substance is paralleled by the formation of small quantities of 3 : 5-diphenyl-l: 2 : 4-oxdiazole during the pre paration of benzamidoxime from benzonitrile. p-Sulphonhydroxylamidobenzamidoxime (IV). A warm solution of sodium (2*3 g.) in absolute ethyl alcohol (32 c.c.) was added to an almost boiling solution of hydroxylamine hydrochloride (7-0 g.) in water (2 c.c.) at such a rate as to avoid boiling and yet fast enough to avoid separation of hydroxylamine hydrochloride. When the solution was cold, sodium chloride was removed and absolute alcohol (32 c.c.) added followed byp-cyanobenzenesulphonyl chloride (5-0 g.) in portions. Solution occurred rapidly with evolution of gas and on keeping overnight a water-soluble crop of crystals (T88g.) was removed. The alcoholic mother liquor was evaporated to dryness below 50° and the residue treated with water (10 c.c.), when p hydroxylamidobenzamidoxime monohydrate (3-22 g.) separated. From boiling water (20c.c.) it crystallized in needles, m.p. 152-153° (efferv.). (Found: C, H, N, H 20 requires C, H, ; N, 16-9 %.) An aqueous solution gave an evanescent purple colour with ferric chloride solution. The mother liquors on keeping deposited a white solid (0-17g.) which crystallized after solution in boiling water in fine needles, m.p. 295° (decomp.). This proved to be p hydroxylamidobenzamide. (Found: C, H, (3) (4) (5) (6) (7) (8) N, H, (3) (4) (5) (6) (7) N, p -Sulphon-O-methylhydroxylamidobenzamidoxime hydrochloride. p -Cyanobenzenesulphon-O-methylhydroxylamide (4-24 g.) was converted into the amidoxime in the usual way. The product (4-62g.) crystallized out on removing the alcohol; it was , E xperim ental chemotherapy o f typ h u s 57 solution was immediately obtained with evolution of heat. After keeping at 37° for a fortnight, ammonium chloride (1*21 g.) was removed; on evaporation to a syrup and addition of water and complete removal of alcohol, and on further addition of water, a solid (9*3g.) was precipitated. This was divided by treatm ent with cold N-hydrochloric acid into an acid-insoluble portion (2-3 g.) and an acid-soluble frac tion. The former on crystallization from water (35 c.c.) separated in plates, m.p. 145-146°, and this m.p. was unchanged on recrystallization from water or chloroform. Analysis of the product from either solvent showed it to be 4T8; H, N, 130 4N3S requires C, 41-7; H, 5-0; N, 16-2 %.) When an attem pt was made to estimate the methoxyl groups in this substance by Zeisel's method (macro or micro), the methyl iodide was only evolved very slowly and low results were obtained. (Found: OMe (macro) 17-5; (micro) 17T, 17-6. C9H 130 4N3S requires 2-OMe, 23-9%.) In this connexion it can be quoted th at Kaufler found th at methyl iodide was given off slowly from phenylazoacetaldoxime-O-methyl ether and th at low results for O-methyl were obtained (Bamberger & Frei 1902) . This dimethoxybenzamidinep-sulphonamide is weakly basic, dissolving in 3N-hydrochloric acid and forming an oily nitroso-derivative on addition of nitrite. A certain amount is soluble in N-hydro chloric acid, but is largely precipitated on dilution. The main N-hydrochloric acid extract above was therefore diluted with water to remove slightly basic material and carefully concentrated in vacuo over sulphuric acid. The n -hydrochloric acid-soluble fraction (above) on concentration and fractional crystallization gave psulphonam idobenzam idoxim e-O -eether , m.p. 221-222° (efferv.), yield 2-1 g. (Found: C, 38-7; H, 5*1; N, 14-7. C9H 140 3N3s! HC1 requires C, 38-6; H, 5-0; N, 15-0 %.) pSulphonamidobenzamidoxime-O -propylether hydrochloride and NN benzamidine-p-sulphonamide.p-Sulphonamidobenziminoethyl ether hydrochloride (6'6g.) suspended in absolute alcohol (40c.c.) was treated with O-propylhydroxylamine (10-5 g.) and kept at 37° in a pressure bottle for 70 days. The solvent was completely removed and the residue treated with a little water, which left a solid undissolved (6-83g.) . This was extracted with N-hydrochloric acid (26*5 c.c.) and the base (5-13g.) liberated by sodium bicarbonate. It separated from 75 parts of boiling benzene in filmy leaflets, m.p. 127-128°, which readily effloresced and became dull in appearance. Analysis showed it to be O-propyl ether containing one-half a molecule of benzene of crystallization. (Found on freshly crystallized specimen: Loss at 95°, 13-1. C10H 15O3N3S, |C 6H 6 requires loss 13-2 %. Found on dried material: C, 46-5; H, 6-3; N, 16-3. C10H 15O3N3S re quires C, 46-7; H, 5-9; N, 16-3 %.) Of this base, a portion (2-88 g.) was treated with N-hydrochloric acid (11-2 The remainder of the solid, from the initial N-hydrochloric acid extraction above, was almost completely soluble in hot acid (78 c.c.) of this strength and on filtration and basification of the solution separated as a solid (1-05 g.), m.p. about 120-130° and depressed strongly by admixture with the above p-sulphonamidobenzamidoxime-O-propyl ether. On crystallization from boiling water in which it is sparingly soluble or from boiling benzene, NN' separated in needles, m.p. [133] [134] H, [6] [7] [8] H, [6] [7] p-Sulphonamidobenzamidoxime-0-butylether hydrochloride. p-Sulphonamidobenziminoethyl ether hydrochloride (5-3 g.), suspended in absolute alcohol (30 c.c.), was treated with O-butylhydroxylamine (16-9 g.) and kept at 37° for 14 days. The ammonium chloride was removed and the filtrate evaporated to dryness. There was no deposition of solid on adding water, so the aqueous solution was extracted with ether and the latter extracted with several portions of N-hydrochloric acid. These were combined (30c.c.) and the solution concentrated to a small volume. p-Sulphonamidobenzamidoxime-0-butyl ether hydrochloride separated in plates (4-52g.) which on crystallization from water (5-5c.c.) had m.p. 136-137° (efferv.). (Found: C, H, N, HC1, H 20 requires C, 40*5; H, N, p-Sulphonamidobenzureideoxime. p-Sulphonamidobenzamidoxime hydrochloride (2-51 g.) in water (20 c.c.) was treated with potassium cyanate (0-81 g.) also dissolved in water (5 c.c.). There was immediate separation of the ureide (2-51 g.) as clustersĈ of fine needles, m.p. 202° (efferv.). (Found: C, 37-2; H, 4-0. C8H 10O4N 2S requires C, 37*2; H, 3*9 %.) ,On crystallization from water the m.p. is lowered. That the substance is a ureide and not a salt of cyanic acid follows from its recovery unchanged after treatm ent with sodium bicarbonate solution.
Experimental chemotherapy of typhus
Amidoximes containing sulphonic sulphinic acid groups p-Sulphinobenzamidoxime. p-Cyanobenzenesulphonyl chloride (4g.) in warm ethyl alcohol (30c.c.) was added in a thin stream to hydrazine hydrate (4c.c.) in ethyl alcohol (lOc.c.), the reaction vessel being kept immersed in water at room temperature during the addition. The oil which separated soon solidified; it was collected, ground with water and dried, yield 72 %. is soluble in 20 parts of boiling ethyl alcohol and separates in plates, m.p. 148° (efferv.). (Found: C, 43-0; H, 3-6; N, 21T. C7H 70 2N3S requires C, 42-6; H, 3*6; N, 21-3 %.) I t readily reduces Fehling's solution on warming.
The above hydrazide (4-93 g.) in ethyl alcohol (20c.c.) was boiled for 3 hr. with hydroxylamine hydrochloride (1*9 g.) and anhydrous sodium carbonate (1-46g.) with addition of water (6c.c.). The solvent was completely removed, and sodium chloride was then removed by addition of absolute ethyl alcohol. N-Hydrochloric acid (25c.c.) was then added, and alcohol with some water removed by distillation below 50° to a small volume. On keeping, small needles (1-29 g.) separated which could be recrystallized from about 100 parts of boiling water and then separated in rhombs, m.p. 236° (efferv.). Analysis showed that this solid was amidoxime. (Found: Of 42*2; H, 4-0; N, 14-2. C7H 80 3N2S requires C, 42-0; H, 4-0; N, 14-0 %.) It was only weakly basic, dissolving in 3N-hydrochloric acid but not in N-acid. In aqueous solution it gave a typical amidoxime colour reaction with ferric chloride.
In the first attem pt to prepare p-cyanobenzenesulphonhydrazide, hydrazine sulphate (3*25 g.) was dissolved in boiling water (15c.c.), 50% sodium hydroxide solution (lOc.c.) added, the mixture cooled to 20° and p-cyanobenzenesulphonyl chloride (5-0g.) suspended in absolute alcohol (lOc.c.) added and the mixture shaken. The clear solution kept for 12 hr. was freed from alcohol and the reaction adjusted to faint acidity. The insoluble crystalline powder (0T6 g.) which separated proved to be NN'-di-p-cyanobenzenesulphonylhydrazide. On crystallization fr 44 vol. of boiling glacial acetic acid it separated in minute leaflets, m.p. 252° (efferv.). (Found: C, 46-0; H, 2-8; C14H 10O4N4S2 requires C, 46*4; H, 2-8 %.) This hydrazide is soluble in ammonia solution with a bright yellow colour; with 2N-sodium hydroxide it gives a yellow colour and a sparingly soluble sodium salt. It is soluble in warm sodium bicarbonate solution without colour development.
Miscellaneous compounds
N*-Dijnethylsulphanilamide (XIX). For the preparation of p-dimethylaminobenzenesulphonic acid, dimethylaniline (60*5 g.) and Nordhausen sulphuric acid (50 g.) were heated to 180° for 5 hr. The required acid was first isolated as its barium B a r n e s , F . W . & S e h o e n h e im e r , R 
